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E/thou^natnexssETly C. ttyailtirkyai need iTKirepr^)a^cn 
inproganmlngaidthe^nt3C(rfCbrfcret£d:llngthisboDk,y(Xj 
diaidwofkttrou^the'TtiinkinginC; FaxidaionsfcrC-i-i-£nd 

TNb (hEptpr is baiiground aid sjpplanffrtay maaia. M 3y 
psDpledonaCffd ccynfc(t£blewadinglntootieI-oriHited 
proyEfnmi ng without undffstaiding the big pi cturef I r3. Thus 
tha"e£rema^ ccnc^stha Ereinlraduced hereto gveycxj a 
sdidtvETVi^f of OOP. Hojv&a", maT/olha"peopledanT:ga:the 
bigpidirecnncqitsixitil th^VesaisomecfthemEdiGncsfira; 

axJeto^tharhaidscfLlfyoutepat cfttiisldta"g"ajpaida"e 
eagfrto^totte^Edficsorthelai^a^fedfreetojunppaBt 
thisdi^?- dipping It a: thispdnt will not pr&atycu from 
writng prolans cr leaning the laiguaga Htwe/ET.ycxjwill 
WEnttocxMitebakhEree/aituEilytDfill inyorkncwled^soycu 
caiiffidaaaviwh/difejlsaeimpatatEndhav todes^with 



The progress of abstraction 

All pro^anminglaiguageBprwideEbEtralionE It caibeargjed 



"WhS(sitthayou£fe±*-aaing?-Assnblylmgijagei£ 
dKtr£eBccnifltiejndEriyingma±ine Mai/ so-c£lled 

"impH-ajve"l£rgu£gesthSfoll™ecl(sudi£BFcttran.BA( 


Owa-e. 


*araaiar 


isofEEsnblyU 


in^jageThEselmguEQe 



you^emoddingthaprablait sjctiaBacanputffJaidthemodd 
cf theprcbian th^ Is aluEJIy beng sdvEd (In the" protJEm 
^ace" whidi istheplaEmha-etheprablan ™asl. Therffat 
reqjired to pHfarmltHS moping aid thefallhd: It ise[trinsict 
the progranmlnglaigua^ produces proy£fnslhd:ae difficult I 

mtire'pragranmingm^hcxJs" indu^. 

ThedtanaivetomoddingtliemaHneistoniodd theprotjJan 
youte trying to solve Eaiy la*gu^es3xha5Lt3*andAPL dioj 
p£fticulavieAsctflhewaiid{"AII prcblansaeultrmidy lias" ( 
"All prcfa(ansaedgcn1hmic"). PROLOG c^assi! prcbianscnto 
d^nsof ded 30ns. Laigjagfsh3.rebe9icEdEd tor constrant- 
based prog^nnung aid for proganming adusvdy ty 
maipii^ngg^^cd H^rmbds (Thelatffprtwedtobetoo 
reslrid:ive)Eah of ttieseapproahesls a good solution to the 
pETtiaiadEscf protilanth^'redESj^EdtoEdve but when yo 
a^outadecfth^dccnanth^baixrieavkviad 

The cfcject-arated^proadigoesasl^fathfrty providing tod 



daii€ntsinlheprotJaii^>a:eGndtharrq>rffigita:ior 

cbject&tha dent ha/eprotJan-^a:E ^aioga)Theld' 
prog^mlsEilcw€dto£d^]tsdftothelingDGftFiepr 



hisisapncrefleiitJe^KJpcwsFul laigua^abslrailicnthGn 
.ha w^ehad More Thus OOP ^lortsyoutodeGtribethe 
iroblan intermsof theprutlEin. rSha-tfim in terms of the 
omputffwherethesdubanwrllruTLThffe'SBtiH aconnecEion 
ad'tothecanpytff.thcu^Eaticfciel looks qjiteabit like a 
ttlecomputa" ithaBaEtaeatdJt h£Eop?aicnstha:ycucai£^ 
topaform Homs/ff, thisdoe^itseefn likegjdiabad analog 



le I avfiat^ des ^etb 



3\Ka/ ajmmaized five baac diaralaisOcsof snidltaik, the 
^ gjccessf uf ofaject-orieited I angj^e aid oneof the laiguages 

proa± to ot^et-onented proyanming 

Everything Is an obJattTlinkcf aiobjeaEBafaiiy 
vaiable It aoresdaa butyoucan make requests" to tt^ 
effect adiingittopafcfmapffaiansonitseJf. Intheory. 

ycu 're frying to Botvefdc^ buildtngss0vlces^o)aid 

r^ressTtit asanobiect inycurprogran. 



Each object has Ks own memory made up of 

other obJectsPutaiclho-wa^.yc — ' ..-j j 

objel by ma' 



Every object has atyp^angthepa-laice fatiobjEd: 

r5anjf?jfaT£eof at/ffis.lnmhidi"daBS"ls^ncfymojswlth 
"type"Themoaimportatdisbngui*mgdiGralaiBtic<if a 

All ob| ects of a particular type can receive the 



An object has an interface 

Aristotlew£eprobd)lythefiratobeginaca"d^ul study cfthe 
cont^tcflype hespokeof "thedses offices aid the d ass cf 

m£EUSGddirelly intheftrstatiet-onaitedl£rgu£ge9mula-67 
with Its fundanertd k^worddassthd Introduces a na^ty pen 



sudiaBtheds3c"baictella-problan'."lnthisyouh*eab 

lot cfotjecta-ObjectsthSaeidaticElfflc^fcr that aae 
dunngaprQgran'seiecu1iffia"egraupedtc^aha">nto dass 
ctjedB" andtha'swhaethek^warddaBScatiefrofn Cre^i 
^Elractdda1ypes(dEGSEs)isafixidEm9it£l concern obfed 
orisitedprog^nmln^ Abslradd^sIypEswcrk^mosteod 
Ilkebuilt-intypES VcucGncTE^evai^ESG'atypetc^lEdr^ 
cr/n5&Kslnabjed:-arated palance) and man pulae those 
vaiEdEsfcdlEdja^/^jTTSf^^orr^Lce^^youEaidameBsa 
£ndthectiectflguresautwhd:todowithit).ThemHnbH"5 
(danentsjcf eahdaBs^iaesomecofnmonaiFly &aya[xaji 
hasatdEfice s/aytdlffcaiai^adepoat, ac AtthesEmi 



Bo, aithou^whiwereaily domcbject-cr 

TeaenedV ddatypea virtudly dl ct^ed-cf 
aigu^es uffithe'dses" ke^ord. When y 



dsohasasdi 
aprog-amma 



laigu^et^ adding new daatyp^s^eafictoyournetds The 
pro^anming ^itanwd canes the nSdV dasses aid gves then 
the<a"e3id lype-dfcediingttia It gvesto tult intypes 

The cbjedi-craited^proadi IS not limited to build>ngamu1d 
Whahff or not you agree tha any prog" am is a smulaion eft 
systanytsiYedea^ng theuseof OOPtediniqjeacaieealy 
redLiceala^geEdoTprcb^anstoaaEnplesolubcn. 

□ nceadafisisest^i^ied ycu can md:e as may objels of thi 
dafisasyoulike andthaimaripufa:etho5eobjectsa&if thSpfa 
thedanentstha:aii3m the prod an you aretiying to solve 
Indeed, oneofthediailaigescf cfa|ed: cfiartedpro^anmingi 



you ^ an cfcjed: to do us^ul mcfk f oryou? Tha"< 
^ to makea request of the ab|ed:50thi[t will do 
3jdiaBcanpldeatra)Ealia(\cfraiv somdhingcr 
"ncnagwltdi Andea:hab|ed:cansaidy orty CH 
perequestsyoucanmAectf aiobjedijed^nedb 
lthetypeiswhd:dd:e"mlnesthelntafa:s A amp 
ghtbear^esentaionof ali^bulb; 



procramming stand pdnt, it 



ch|ea.thd:fuid:ionis(d[ed.ThiBpraceEsis 
ty s^ingtha you " said amESSBge" {make, 
and the ctjed: figures cut white do withth 

Ha-ethenameofthetyptfdassrBLIglrtthi 
particular Li^tobjeirBlt and therequests 
Llghtobieaafetotutniton.turnitoff, m* 
dimmer. Vou a-eaeaLl^ct^ert by dedan 



much ail tha"ei& to prog"afnming with cbj acts 

Ttiedi^an shewn dxwefdltwsihefcfma cf the i/zn^fl/ 
M edging L^>gu^e{U\AV.). Eadidasslsr^esgited tyabcDi, with 
thetypenamelnthetoppoftioncfthebtn. ar/ddamanberslha 
yajca"etodesait)elnttiemlddepoftcn(ifthetxw, and the 
nH7^i&"JtvKlrJ7Tj(lhefixid:i(insthabdangtoth5ab|ed:, whidi 
recavear/mess^ES you said to tliicfcfert) in the bottom pcrtio 
cf the bm. Oftai. only the nanec* the daes and the public manbf 
funcb ens a"e shewn In LJML dcs^cia^^n^ and so the middle 
portion Is net dKimn. Ifyou'relntaededonly inthedassnafne 



The hidden Implementation 

It ishdpful tobreakupthepl^ingfiddlntoc/asc/ffifiarffthose 
who creae new daa types) aid dimtftagranma^ {thedass 



tobuildad£Esthd:Q<poseEorJy wha'snei^ESfyto 
prog"Gmma" atd keeps &aything dse hi dden. Why' 
it'shddatthediatpro^anmercEnt use It, which 
thedEEsaeacf CEndiaT^thehtddeipcrticndiwII 

mcfiying about theimpattoi^ont 



iofEncbjellhScajJdeQaly 
trog^tn bugs The ccncq>t cf 



I n £ny rd^cn^p It's trnpartant to ha/e boun 
re^ectEdb/EJ! patieBirft/dved.Whaiycua" 
Est^i^ ardaicn^Lp With the d I Hit proyafT 
prog^mma". butanewhDi5puttingtogaha"j 
usngycuriibray.posghly to build abi^a-h 





! thai the 






iK^ to aforce rules B/aithou^you might redly f 


irrfa-thathe 






yoirde^withoiJ: access ccrrirol tha'e'snowa^to f 




Euaything'B nd(ed to the w oh d. 




Sblheflfstr6Bscf!faraa:essoDntrnliBtol<eqidleit| 


sragremma^' 


hmdscffpcrticnsthe^ ^culdnttcudi-peftsthSa-enetesssfy 


fcrtheinternd ma±inaionBc( the daa type but nS 


pert cf the 


interfaiEtha usas need In crda-tn sdvether pati< 






Biyseewha': 


impojtatto than aid whs the^caiiyiore 





bout hew It will afed:lhed>atproyemme". Fcr ae 
il^ Impiefnatf apatojla' dees In a 9Enp[efe^cn 
la.rdcfxnail, end thai f iff dl^3^'a"tha you need to 
rda-tomekeltmnfea:a-.lftheirt:afa:Berdlniplem 



public privd* and protected Tha r usea 

drfirttionsthafdlow.puMlcmeaistiiefc 
aialaOetos/ayaneTheprtvatek^wcri 

creacf cf the type insdemanbfffuncBcr 



iprlvdananber, Ih^'ll gSacanplle-timeErrDr. 

ustlikepilvi*ewiththee((q>tionthSm 

I h£G ansss to protedcdnEmbErs but mt pilvde 



nctnffirly Eo ea^ to Gchie/eas may would hope it takes 
experience and I naght to produoagood deagn. Butonceycu 
ha/eaichadeg^lt begstoberejsed. Coderejselscneofthe 
^eaest ai:^antageBthaot]jejl-onentedprcgramminglangjageB 



cfejectBcfyournedV d£esa"euajdly pnvae mdnngthem 
jraccaableto thediait prolan mffs who jeuanglhed^H 
ailcwsyou to diange those manbaswithcut disturb ng o-i Et 
dient code Vou C£n dso diaigelhememba" ot^edsd: runtirr 
dynanic^ly dia^theb^Q/icrof yoirprogaiL Inhaitjic 



J hi di 1 s desm bed nart. does not ha 


(Othsfl. 


bTith inhaitaice 


aHC 


ompiietimere 


dri<»cni 


iroyanmingiti 


gdt 


isoimpojtatincb|ed:-i 

3ihi^yanph£Hzed, i 






snceitisampl 




akethisapproa: 


h,yc 




la^-da 



I nherltance: 
reusing the Interface 







pakEgedaaend fundi on£ 


iitytogdha-l 


ijcaic^.: 




■cblan-^aB 


idarSha- 


f cf ifid tousetheidicmsof 


theundalyin 










h/ uangthedasBk^word 






ItEsnsapity.hoivs/e.tc 


igotoElltliet 


rojbletoa 


andthmbefcr(Edto<rea( 






smila-funiiiandily.irsni 


ca-ifweiHit 




d one 1 1 aid thai m£ke adt 


liHcnsaidrm 




ThisisrffalivElywhayiu 


iMwitti/nA6 




thSiftheorgnd dEffilcdledtheiaecK 




diaiged.themndified-do 


ne" (cdledtheo&//a/or 


cfrftWdaBsjalsordlettstI 








beha/ioT&thaare^ia'elEfncngthetypeBdaivec 
(TeaeabGGetypetor^reBGnt the cere cf your ide 
ctjedajnycur^stHTi. From the basetypeycude 

Foraianple aljaiHHydingmatiinesoftspie:^ 
base type is"tr£rf\" £ndeedipiececftr£^h£Eav 
End so an aid ceh be^reddeb, mdted. or de3xn| 
more ^eoflc types cftiE^ are daived tha m^ h 



I sexnd a<ai 


npleisthedEssC 


■diepe' 


■eianple 


iperti^Bussim 




sd deg ^ s/Sen < 


irgani 








i-*i^a-m. 


deah^apehasE 












nbedravn.aaal, rmv( 






peific types. 










squaa 


naigleaids 




hm^ 














befli 


pped, f cf 






ediffa 


aitsudi 










rhetyp 


ehi aad 







C aBling the sd uli en I n 

tranaidcudy baid^ioj 

I rtEfmeci ^e modfj sto gd fn 

dEsnpbcn of thesJutioTL Wllh objecU thetypehia"a"cf^ isthe 

primEry modd. soyoj gj dirfdJy frcm the description cf the 

H^stanintheredmcfldtothedesoiptianafthe^stanmcode 

Indeed, cneof lhe(lfliailiEspe:f)leha.rewlthc±^el-crmted 

dES ^ Isthd It'stooampJetogaframIhe beg nningtothe end. A 

mind traned to look for canpfai BolutionslBoften stumped tytliiB 

Whm you inhait from 31 eiiaing type you (reae anew type 
Thf 5new type contans not crJy d\ the manbas of the anting 
type{dthcu^lhepr1vdaanesa'ehiddaiaM^£ndma:res9ble). 
tutmoreimpottaitiy itdupllcdsstheirterfasrfthebaBedeea 
Thais ail themeGG^sycucai^ndtootieasafthebaBedEGS 



aianple -aordeisadi^e-TI 
Isonerfthefundanaitd gaew 
cf ot^ect-onented pro^anmi ng 



age If yauamply inhffitadEesaid dent di 
i mahodsfrom the based ses I nterfae o/n e 



igind basedEes-TheflrBt isquit 
y add traid new fixKdcxistoth' 
GTS a'e net pat cf the b£ffi daBE 
EedaEssmply dc^tdoasmut 



nes thepafel sJuliantoyour ptcHtan- 
idlcxikdasdy for the posdbilltythd your baee 
sdtliFffiadcJtiondfuictJcnsTNspraceEsof 
tioncfyourdea^hEppaBregiiaiy Inofc^ed:- 



wtype- 

5. Is-llke-a relationships 












letypea 



EdtypethL 
avtypeca 






T t paf el becajseyour ne^ fi^ttions Ere not 
EaEsablGfr(yntheb£Eetyp&TtiscaibedEsiibedEG£nrf-/^^d 
rd^on^ipthen&v type haBtheintsfacecf the old type but It 
aisocontansoth9'fixK:bons siycxjcaitre^ly sa^itseiatiylhe 
saneFcraanpl^conads" jiaroxHJriicna" SifipoEeyour 

lrtErfa:Elhd^lcMsyoutaa)r^d coding rm^nethd the ar 

conditicna", butiEcaidomoreBecajEethecodrd H^'danrfyour 
hcuBelsdea^fcedonlytoccntrol codm^lt isreatrictedto 
cofnmunica^onwiththetBdjngpat cftfiensbf ab|ed:The 
jntafaiEcfthen&f afa|ed: has been e<taided, asdtheeiiaing 
^5tan doeait knOdV Ebaitaythmg&c^theongind intafas 



lanperdurecontrcJ ^stan" Bothdiit g 
ull^gan £b(weis£nQ<anpleofwha:c 



I nterchangeable objects 
with polymorphism 

Whendeeiingwithtypehiaa"(tiieayouoftaiw£nttotreaai 
cbject net EG the ipedfic lypetha it Is but indeed £e Its basetype 
Thr5 ail avsyoutowntecxxiethadoes^t depend on Bpeifictypea 
I n the ^i^e eianpl^fund:ionsmaripyl^e genai c ^i^eswlthaut 
re3>ed:towhaha"thebr'reordesH]ua"es trances and so en All 



new sutlype of shape called pent^on without mocifying tht 
fundi ens tha deei arty wlthgawncSi^eaThisiiililytoa 
a prog"afn eea ly It/ daiving new siiriypeslslmpartantbecE 
^ealy impnf/esdea^smNlereduongthecoBt of softwa"e 



ijlan, htwe/a.wlthatanptngtotredidaTvet 

3rg3iaicbaGetypes{ardesa6diapea bitydes 



point-mhailhemess^ei5 5ait.theprogaiima"doemt *t^ffto 

^plieds^^ly t0 3drd^asqLia^ cratr£ngl^£ndthecfafel 
mill Q<eutetheprcpa"CBdedq)aMlnganits^eaflclype If you 

youaddanov Bublyp^theaxJeJt &!eajteBcaibediffa"Ht 
without reqijringdcngestothefund:iancdl.Tha"^ore the 
canpWa' cartAknotit prEosdy whdpiescf a)delsQ<Eajted. so 
mha:doesltdo?Fiire!£mpleinttiefoll™ingdi^amthe 
BirdContTollaDtiectjustworkswithgaiaicBinlatiatsand 

BirdContTollclBpe-^Eaive lietauffiitdoesitiwetowrite 



Thefuncbi 

c^lsi ^rfytindng, atamyoumaj'natha'eheaTJbd^cretjecaiiffi 
youVen&erthou^^cutitar/otha'w^. It meensthecompta" 
gaieraesacEil toa^edficfuncbonnaiie aHithelinkerreBolves 



31 object, the code ba ng 



codeinliEucfthed)s::l lie c^l.TTiscodec^ciJaesthe address of 
IhefixKtion bod/, uanglnfcfmaion acTEd Intheot^ect (this 
prcKSESiscovs'edlng'edd^Bl inCh£pta"15).Thuacahot(et 
ceni)dia/edlffa"aitly axardngtottieccrtaitsofthai^eod tat 
cf axia When y cu sa»rf a mcffiE^to £n cfcied, the ctied: Bdiueily 



t do ot^ect-orlcnted proyanming in C-H-. I n C++, you must 
9Tiba'to£ddthevlrtlldl<^wcrdbecajEQb^dd^ault mrnib? 
±icfEa"ejTrfdynamic£jly tmundVlrtiid fundi cnsdiow you 
(press the drff ffcnccs i n b^a/i cr of d s^es i n the sanefani ly. 
5ediffaaKesa"ewhdcaj5epdym(Hphicbdia/lcr. 



"ttie dispe eonple Thefanlly of dasj 
ifcfm irlGff a:E) was di ^anmcd eer lie 
raepdymcfphisn, wewat to write a 



ngtype 




fitypecf 
eemhoA 



rmportEfit thayou unda^an 



caisEndtoaSh^ieaClrdacaiaixpt. So it 15 
andlogKslthmgtodo. 

WecElltHsprocEsscftreaingada-ivedtypea 

intoamaldnd[hei^a]mesfr(xn thew^ the 
istyprcE^ly araiged, w ith the bafiely pea that 



It doEsit s^ "If yai'reaClrdB dc 
iQEableiypestha aSh^acai aiu; 



Wha'simprFsiueGbcutthecodemdoStuffCkstha. so 
then^thmgh^pais CEllingdrawOforCinJecajsH 
code to be etecuted than whai (sll ing cfrawC )f or a Squi 



Creating and destroying objects 

Tehnicdiy, thedcnan of 00 P is^>^ral ddatypi n^ Inhail 
End polymorphiHTi. but otha" issues cen bed Isest as impofta 



E^edElly impcttsr 


1 1 B thew^ objetts ere creSed e 


nd datro/e 








controlled? Diffg-ai 


t proganming lEnguEgesused 


ifferat 


philosophic haeC 


-H-tEkestheEpproEihtha cont 






tissue so It gves the prog-Emr 






■iieg}e6d.thedcrEDeandlifain 






cbjettBcntheSadci 


w i n aai c SoTEge The stad( i s i 




manc-vthaisusec 






durng prolan e<e 


cut on Vai Ed es en the Sadc Ef 


esomiime 



afinedpachof mefnofythaisEilocaedtjrfcrelheproyEfTibegns 

torunrUaRgtheBtad<craaic5t(]rEgeareBp[a:rsapnority enthe 
speed ef storage EJIoc^i on End rde£ffi whith (En t)evEiu^ein 
Eonesjtu^erG Hojve/a', yeu sainfrcefleilbillty becEuseyeu 
must know the eial quartity, ]if dime End type of ab|ed:5w^/e 
you' rewriting the progan. If yaja"etryingtosolveamore 
general protJan, gjcha6computa"-adeddea^wa"ehcu5e 
maagefTifft, orar-trdficcoflral, thisistooreslridive 

Thesa)ndEpproadiistoa"ea:eatied:s dynamically in apod of 
manoiy cdledthe/^^lntfBSEpproEdiycudont knew jtil 
runQmehov ma^ot^ectsyouneed, whatharlif^meisorwha: 
Ihar aol typeis Thoffideaaons eremadeathe ^ur dthe 
momaitwhiletheprogranisnjnning.!fyouneedan&bf object 
youamply mdieitontheheepwhaiycuneedit, uangtherww 



1 Iheti meto credie borage en the ^ad:. 



bade 1^. ) The dynEmI c ^pri^th trn 



daainineshcwlcxigtheoti(etla5l5andcaiajtofndic£ily detrtf 
ILHcwa/a", ifycucieaeLtantheheap, thetanpilerhasno 
knowledge cf Its llffli me In C-I-+, the progranm a" muitdaennmi 
prog^nmaicdly whailodedrojrlheatiect.aidthaipafofinth 
dearudian uangthedeletek^word, A b an alternaiue the 
aft/I ronmat cai pro/i de af edure cd I ed agstsgecdlstar tha 
ajtcm^cdly dsccvaswt^ai ai otfel Is no Icnga In use and 
dESrc^sit Of courEe writing prolans us ngagate^cdledor 
muchmoreccfft/enial. butitrequresthidl ^^1 lemons mud bi 
£d e to td eraethe al BtaKH of the gatj^e cdII elcff" aid the 
(WffhealfcrgartN^ecdledion.ThisdoeBnot meathedeagn 



Exception handling: 
dealing with errors 



hardtodes^agiioderror handling sdian^ man/languc^^ 
smplyi^irelheis^^ p^fisngth^probJanontolibray dia^nf^ 
mho anneip with hdfwa/ mesajrestha: can week in many 
stu^cnsbutcaieaaly bearcunvsitEd gaifraily byjust 
igicnngthaTL A m^or prcblan with most aror handling iJiemes 
isthdith^rdy onprog"afnma"viglaKeinfoJlawmgai^eed 
uponccn/a*anttiiisna(aiforcedfcythelanguagalf 
prog^nmasaBnotvi^latwliidK^ai occurs whaithe/ ar«in 
ahurjy thcffisdicfnescaneaaly beforgottai 

Fkr^jT^ft^jrf/^wireseTCf handling directly ittothe 
proyanmingfangjageandsom^imeB&mtheoperding^staTi 
AnQiiC^cnisanctielthais"ttrcwn''fr(xnthe3teafthearcr 
andcaibe cau^ b/anapprDpndedL£^£r?/E?»/d'de9^edto 
handlethdpatojtartypeof aror It sasife^c^on handing ib a 
diffffcnt paraild pahof aieajtionlhicanbet^mwhaitliings 
gowrcng Andt>BcajEeit usEsasEpar^eeiaaAcnpah itdoasit 
need to i ntafarewrihyaur ncrmaily-eiecubng ccxJe Thismdies 
tha: code ample"towntaaiceycua"aiT:mnstailEv forced to 



fu1^*a 


lasraurnedfrom, 

imofdetoindiiat 


jfuncbonoraflagtha 


■ssSb/a 






ot be lyiored so ifs gjaranteed to lie 






nally. aic^ionspriMi 






fdiablyfromabad 


HtiMictt Instead of ]u 






n.youareoftaidili 








ancfaprogan.wh 


ich produces mudi mc 




syaan. 








It swojthnotingtha a.c^ 


tonhandlingi3itan( 


=b,ect onentcd 


feaure 


althou^inoii|ect( 


j-iaited language tha 


aiceptionis 






ancbject Exertion he 




bdorei 


ib|ect oriented laiguaqe& 




Bicqtti 


onhmdiingisonly 


li^itlv introduced aid 


usedinthis 




;\(0lume2(a/ailab 


lefrom mr« Bruc^ckt 


^ffwlhas 


thof ou^ uwerageof etcep 







Analysis and design 

Thecbjel-cnated paradigm Is a nav and dlffa"aima^ of 

l^nkingEbautprog^nmingaidma^folksha'etrajble^f 

knowing hew to Gpproatiai OOP project Onceycuknow thj 

e/aythinglssi4^osedtabeaioti€ct.aidEGyaulE9ntol}br 

moreln£nct^el-criatedslylayoucaibegntoa"eae''good 

dea^Tsth^takead/antage cf dl thebaiditBthd OOP has to 

cffa. 

A jTTd^ttf {oftai cdled afT^^fttcf/a^) 1 5 a Bd of processes a*d 

heuriaicsusedtobreekdcwnthecofTipleiity of apro^anmir 

dadvnof cb|ed:-cfiaTtedpro^a[imlng.Thisseclicnwlll givey 



It isimportatto undaaand wha prcdan them^od istryingto 
sivehdcreyanojiadfT adcpdng cn& Ttis Is parti aJady true 
wittiC-i-+. Inwhictitheprog^mmlnglanguagelsintavjedto 
reducetheccmpladty (ccmpa'edtoOlrTvolvedlne^pressnga 
prcig^n.Ttiisma^lnfad:dla'id:etheneedfars/a"-mare-ccmple< 
mdhodd 09 ea Instead, ample" cffiesma^r suffio 

mdhoddoges 



you dea^ aid write a prolan Is a mdhod. tt m^ beyour en 
mShod, and ycu m^ nc* beconsiiausof doing It. but It IS a 
prcHHSsyougottrcu^aByoutredalf It isaidfediveproce 
m^needcfiJy aandl tune^towcrkwllhC++. ifyouareni 
Eddied withyoirproduciivlly aid thew^yeirprogranstL 
cut. you m^ wat to ccffiade" adopting aforrnaJmahod, cr 
diooangpiecesfrcm among themany formal mdhods 



Hitofprocsssno 
yourwa^inamuc 


hb^e'f'^' 


imtedwllgaiasll 
1 on than amply bfg 


ygdya. 

nnngto 


'c^. 


IfsElBoea^to^ 


5tud(,t0fdl 


wdb^L'y^*^t*ri 


<7^ 


dcwna/aylitdec 


ISal athec 




iba-norr 




hiwmudiaidys' 


sycudo,the 


rea-esomelhngsd 
til deggn time aid 


T,:^ 


nj* 






til you re cod ngw 






farly quickly through aiElyaB 
cf the proposed s/stan. 


aid deg ^ aid to 1 1 


-"" 


tate 


Thrspdnt isworth anpheazmg BaajEeof thetis 
want to protsed c£f rfully aid undaaEfid aay mi 


loryweV 
jnly.wN 





thorcu^y. But aDBM S Is in adaes of prcblanstha isvay wdl- 
posed and wdf-underaoodi In ma^ ajcii progana the daabase 
Btrudire/JtheprotJefntobetaidai. Thedasscf pogranming 
prcbl3iidl5ajffiedlnllHsdiapta"l5cfthe"mild-cad'' &nytani) 
variay, inwNdithesduBcnlHit amply re-forming awdi-kntwn 





dyasbecaiseyoud 




hai e aiou^ i nf nmiai on to sdvethi s 


kindofprcWfin dup 


ingthe 


EndyssphEffi Sdving sudi aprotjer 




nrou^ 






m^ES »i» becGuseycu'reliyinglo i 


dosomahingnav aidthe 


pi*a*drava-d5£fehi^iffl ltm*9 


eemlikethen^js 




oxnpounded b/ nisfing" irtoaprdi 








(Efd projel bsaisi 




finding nut ealy whdiha- apartoilEf 


approa^totheprd 




viEble Product da/dopmaitisndcm, 


an^anat 




It's cftai proposed tha you "build oni 


■tothnwava; W 


ithOOF 


youma^sbllthriiAifs-(cf ita»^ bul 


besiseaxleis 




aicEpEiJaed ntodasffisdurngthefiraitaaionyaiwil 




nej t^y produce some usdU dassd 


cs^isGndda/dop 




mortlwh leideasioutthe^aHn de 


iffithadonctnea 


Itobe 



1 r intertask (Wha messes do i 

tofsdiobjea?) 

h nothing more thai the objels a 



luatheiniUalaimmitmaittousng some kind of aruaure 

Phase O; Make a plan 

pro(EssltsoundBBimple{infa(t,a7cfthiB5ajndEgmple)an 
pecplecftaidontmEkethiBdeaaonb^orethe^ aart coding 
your plan IS" I ef5|ump in aid Stat coding" fine (Scmaimes 
tha's^propnaewhaiyouhaieawdl-undastoodprcblan 
lEsasg-eethathisiBtheplai. 

aructireisnaESSEiy. but not the whole rineya^ 
Undadaid^y Encu^ someproganmasllketowcxk m 

cf dei/eJ oping ther work: "It V 
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m my head. So 
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m^imgoth 
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HibEEqjat phases w hi 


lesdongaid. 


]navaingca 
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The 










(1 build. 
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prcblans 
araghtfa 
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o-cd 1 ed hgh cmc^tfn 
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Tistheaatingi 
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Thehi^c 


oncEptrB quite II 


Tipcxtat beajse it s^ 


sthetcnefor 


prqe± if; 






f^^tS^e 


theflrSHi 




nalda-phaseofttiep 






ompli^p-dea-), 


tii: kf^ trying until i 


lfedsrtft.F 




nmar-trrfficcf 




Stat out Witt 


hi^conceptfocuBedmtt. 




JIding "The 


tm a- prolan ke^stra* 


;iifthearir*,"Hutcc 


oacfawha 


happaisiA 








pah^Btl- 


la-e'sonly ahumai contrdlfr cf ncneaEll. A more 



Phase 1; What are we making? 

Inftiepre/iousgenffdicnof proyandeg^tcEiled/TQaitfa' 





matsthaoaJd 


■beaxra 


!bigprii,Hfsln 




nt Thar intal 












■MdtealiScfthe^ide 


ImswewHI 












Thes^Eta 


n^sJficScns^s'HH-e'sadfs: 


nptioni 
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mlldolncttoritoEai^thereqL 








rtsai^yssisredlyacontratba 








(s/aiiftheoiaoi 








saneclha-cbiettcr^aar 


iKThe^Sran^i 
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Tiirtotheprobla 


naxlinsomese 




EOT/avcf 


whdha-il 














sancngpEcplel 




ajsethe/will 


uaidlyihai^iwH-time). 1 




ik^)tt 




posa tale- 


idedlytoliasa 


-dbBBcdiaya., 


3-t0 53 


/etimeyou 




Thmkm,inC + 









193- dotumate butbj kwping 
rase It CEfi becreSed mafav 9 


^^s'^i™ 


;p"'^^^mTn 


Ji a 1 eada-who dynafnicElly ire 






ysdidts input from ejEiyonei 




iiHeI buy-man 


■fenat ty aiayoneon theteai 


n. Pffh^smo 




ikidcoffaprcjeawithalctofe 







'<'£, 


SS 


tifyk^fESuresinthe 
ja-Etnqjeai ens like"; 


Sp-ste 
gng 


ThSae 


r: 


esttisato 


TS do w 1 th the 9/ aan? 


„,. 




J~dE 


e might tti 


swokifsomeonedse' 


».ae 


doingthii 



If youaedsa^ingaiajto-teJIa, foreianplelheuseasefora 

paticula^qjetof thefundionsilty rfthe^staii is^eto 
dssiibewhatheajt(>tdladoesinei/Hy posebleatudicn, Ea&\ 
cfthGse"Htuaicffi5'isrd^aTedtoa5aiCff?a7aaidau5ec£fficai 

£Eaqueslicntha:statswitJi;''Wha:doesthe^5tandoif...?" For 
acamfrie " Whi doesthesutotdlff doif acuaona hasjust 

depoatEd ached: withn 24 hours and thae's net encii^ I n the 



% 



thebounday of ycur ^3Gfn. The d]i pses r^ 
withtfieHj'daii ThellnesbameaitheatoTB 



undfflying^aanlscompl&i. It iscniy intanJedto^njw the 
syaanEsit^pearstotheusa-.Fofeianpla 



uethe cure of w ha Hie ^ San 



id mtjje onto the nart j^ase You prob^y wonl ^ it i 
iutpafe<tly cnthefirsttry, butthd:'5 0K. Evaythingwl 
df Fn lima aid if you danaid apafet ^San 



cnta(toftheufficase(ea-|abti/"].ot 
ise case Vabs cai surest I ntaacli cn^ 
GEES End ^Kdfy gt^s within the use i 
la nouns aid vatis produce cbfals e 
Ies^ phEGe(End niitetha use cases d 



(A ddi son W esi ^ L on^ £n, 



AHhou^if 


sablak^^tfis 


poirtscmeki 


nd of base 


HiiediJingi 


BimpcrtaitVounc 




aviavofwhayc 


bUldingso) 


rou1lprab^ybe£ 






w,llt*eAI 


otcffaztcrs cornel 


ntnri^ha-e 






nthe compif; mighi dedde net 








g more reEsnile - thi's a gm 


ttingl. Oral 




e^reei^ dea 


dedh™ long the 


prqe±*ouldt*e£nd will try 


toirfluHicey 




beitoha/e 




frcmlhebegi 


mingaiddeElwl 



upwlthaxur^e9hEdulingteiiniqiieE{liketedvHc^estaprEdlcl: 
Ihestod: maka), tutprob^ythebest^proaihlstordy onyor 
a[pm9KEEndlntiJtic)n.GdagijtfEdingfcrhav long it will 
rsdlytEk^thEndouUethaEndGddlOpErcmLVcHjrgutfEdingrB 
probEdy ccfTECtycuis^gd: scenting wcfking In Ihi time The 
'doutJIng' will turn thd Into somdhingdecsit. aid the 10 psxail: 
will ded with thefln^pdi^ng aid d^al^i'.Hcwei/s'you want 
to e^plan It aid regardlESBCif the moau aui mEnipul^cnsttid 



tediTR (|je I n ddsTTil ni ng d E 






typi(£llyh 




Ityii 


iststaingthenancsofthe 


manba-fL 


jnctimslsnce 


■thos 






dfa^l.butit. 




not predude other notes If 
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ir problem? 


The" col 1^ 
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hedi 
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nsda-theajdiaiceforthis 


d£m.Fcra<aT^le if yoi 




teadaBsHrecradtfTwho 


gdngtocteaveit, aCh«m!stcraSp«W(*Thefame 



wheniteiplodffi 
um^fed llkethecerdsd»ouldbebi9ga"bej:ajseof ail the 
ormaionycu'dliketo^anthcfn buttfr^ a"e ntaibcndly 
idl.not cnJy toke^yourdaE&esaneil but dsotokeep you from 
Sngintotoomudidetaltooealy. ifyoucentfitEilyouneedto 
ow ebautadeEsonasndl o'd, thedeGsistoocomF^Q<fethg' 
(j'regaiingtoodaaled, cryoudiculdaedie mare than cne 



proffiBsyoudisawa-l 


:he daESffithSynu need ^onc 


iwiththar 






lecErdsasyci 


dottia When you Ver 


Tin/edthrcu^dltheusecaa 


sycu should 


ha/eafarly axnp<a:e 


flracutofyourdegTi. 




Brfcrel began uangC 


RCca-dsthemoasjctffisful 
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a^imaHESI hedwhe 


n coning 1^ with en iritd de 


g^imdvai 


acndinginfrortcfat 






cnd*a*ingotiectsoi 




ut hav the 




ri cSe w ith ^h mhff . aid a^ai som e of 


than end replaced the 


m with iiiha- objects Effalively 1 was 


maiagngdllhe"CR( 






kna* whStheprqed: 


m cs si4}poEed to dol cdud ly 




dearths, -owned- 


the dea ^ rah? then ha^i ng 


It aval to 


than.AlllwaBddng' 


bvas giidng the proceffi If; edcing the right 


quesBcns trying cut tl 


neaEEumptJcns aid teldngthi 






sbeaityofthe 


proceeswffithSthete 






net by re/iavmg±ar 


aCeiemples but by working 




dea^thawesmoSi 


nta-eaingtnthan athamorf 


lait; thars 



Engu^e meccdeitsa 

desn bing the dynEfnlcmoddcfycxii 



icu^Hi^ th^ need ther avn diai 



theotiectsaidtharirtHfa:EsWdl.mo5tiifthHii-th3eafe 




Ihd dip through thi 




thansdvEskr 


KwniiiBI phaffi3[ 


)iittha'sOK.AItyou£fe 




histhd:yms/atudlydi5co/a-£l! ofyourcbjeds 




ova-thHTiealyin 


the process but OOP pro/ides 










jgicfaiobiecttaii 


isto hsppai 1 n five a^es 


throughout th 


eprocEssofpri^rEf 


n de,/dopmat. 


Five stage! 


(Of object deilp 


Thedfa^lifi 


3 cf 31 Direct is not 1 




writing thepr 


oiram. InstsEd. the 


deagn cf sn ctjed ^pessais: 


^quaKeof 9£ges It'BhdpfuI to 1 


la/e thi s pa^ectjv e becsuseycu 


Sep apeding perf edjon rigt* a^ 


■a;; inSead, you reel izeUid: the 








h^paisoja- 




i^pliEstothedea^ofvaricuB 


typesof prog-ans thepatanfor 


apatJojlEf lypeof prog-am 



slrugglfrsgsganmd^anwiththaprotiJar 
(Offl^PatTTfs aeowaed in Volumea. Objects too. ha/eth 
patansthaHTiagethroughundadanding use aidrejse 



im^Eppeerri^ 

1 objetycull 



dha" cbjelE inthe ^Btan m^ diangethe needs of y cur d£esGS 

fa:]|itdorGrhdpe'd£Gses sjdiaBalmkedlist th^contanlittl 
crnoBtaelnfcfmaionEndsmply hdpotha"d£Gisfund:icn. 

4. System extenslonAsycuaddneivfeaurestoasystan 

s^'Btanertenaon. WiththisnedV infcfmdicf\youcairetrud:ur 
p^Bcfthe^Etsn, possbly adding nov daBEesordaES 

5. Object reuseJhisisthiereelstfeEstEafnradEBs If 
HBnecnetristorejsertinEnenlirdy nsbf atii^cr^tFie^'ll 
prctsbly diBca/ffHsnedicrtmminga Asyouthaigeadassto 
adept to more nSdV prog^msthegEn?^ prinaplesof thedess 

dont apejlmostotiectsfroma^^efndea^toberejsdjle-i 
pafeclJy ecHptebleforthebulki^yQurobiejlstobeHj'aan- 
ipeaficRejsd)letypeEtend to be less common, andth^mu^ 



Leta^aif 


icprcblan gaicfai 
idurngthesolutio 


1 of cttief prcblans 


leesyi 


intafaHsli 


diBco/aingthedi 

Bthem£(crtyofth 


Etesyou need (end t|- 
e^aemdeagn. Ifyo 


udrea 






leeneas/projett. 




Dontforcs 


lyours^ftoknouv s/aythingathebegir 


ining 


leanEsyci 


jgoThBwillh^ 


imai/wa/. 




Sat proganmi ng gS. sanSI 




31 pre 


ordi^rweyourdfagi. Donl 
procedur£l-5tyle^£^i*:i cod 
problem aid hdp control aia 
donotbfEEkgooddaBBffi 


dr/endatrcpy.Bad 


L 


Always keep It ample Little d 
ublity a-e better then bi g (cmi 


'^^^:^t'^ 



Phases! Build thee 



id the d effi I ntaf ece m ha 



ig of a sales cf et^stha 



dsoperfcrmingtheflra of ma^^stan inte^aicnsaid 
gvingtheBt^^iddffsfeeiba^dicxjtmhaihar^stan 
likeGndhow rtisprog^sngldsEJIy you ae eI so Q<po3 
cftheiiiBcdn*sYcu'HptcJEbly£lsociHxva-diangES 



Eft cf building Ihe^^HTi IS the r< 



Phase 4; I terate the use cases 

Emdl projett in itEdf. You add afeSureEa during an/Ii9-5(rm a 

WE^s(thisc£nvay baEedcntheimpFanent^onl£ngu£ge).At 
theavJofth^pEficxJ, you ha/e£nlnt€g^ed tested ^stEfn with 
morefixidiansiltythailt hadbdoreButwhd'spatiajIsfly 
lilETSslingisthebaasfcrtheitadiion: asn^euEecasaEschuse 
caseisapaicagecfrddiedfuncliandllylhd: you build Into the 
^Etansi! d: cnt^dunngcnelta^on. Not only doeslhtsgveyc 
abdta'Idoacf whdthescxipecf auscEGe^ciJdb& butit dEO 



Baajsethe process IS Itaaive you ha/emany cpportunitiesto 
^ipaproduct instead of a gn^eaidpcint; cptn-source prqals 
wcfk eiduBJvdy in anlterdive hi^vfeedbai: ervlrcnment, whidi 

ispred^y wha:md<esthanHj<iasful. 

An ita'aivede/dopmait process isvdusblefcr many reeeona 

snplecppcrtiffiity to (hsn^Jhar minds proganme" saidalion 
isN^ia", EndtheprqetcaibesteaBdwIthmarepredHon. Butai 
addtionsi ImportEnt ba^itlsthefeedbacktol^est^^Gldera 
mho cai seeb^ thecurral dde of [he product eia[^y wha"e 
a/aytfii ng Lea Thisma^r reduce crdlmlnae the rfceed for mind- 
numb ng stalls me^ings aid i ncreasethe corf idcncesnd support 
frcm thestdcehdderB 

Phase 5; Evolution 

been C£l!ed-martenaice"acarfvdl tarn tha cm meai 
a/aytbingfr(xn''g^ngittawcrkthewa^ltwEGredly si^^osed 
tointheflrstplas-to'adiingfeauresthathe customs fcrgot to 
maidon'tothemcretraditicnd " fi)di^ the bugs th^ ^OiV i^" 
aid ' edtl 1^ nav f edires ee the need ai ses " So msf^ 

It hast^ai on adIghUy decaving cijdity, patly becajse it 
aj^eststhdycuVeactuEJIy bUltaf^Sineprog'an andejlycu 
needtodoischEngepataoil it. end ke^ it frofn rusting Paheps 

lime so gveycKJseJf thela^tudeto leem end to go ba± aid md:e 
diai^a' Vdu mi^ need to mekealct of dierges a&you I ean 
end ixidadavitheprcbtan mare de^ly. TheeJeganceyou'll 



Wha:itmeaEto"gd:lt rl^''i3itju5tlhd:theproyanwark5 
a:xxyd^ngtothere:iuirm?3^£ndtheusecase£ltds:]mf£nsth^ 
Itielntand arudurecfthe code mdiEssenffitoycu aid feds like 
ithtstogahffwdl, mithno^fkwad ^ntai. waazed cfcre^ cr 
ungantyeiposed bits of code In Edition, you mud ha'esane 
^5ethd:tEieproy£fnslnKturewlll sjvivethediEngesthiit 
will inei/lt^y gothroughdixing Its llf^meatdlhd those 
diengesoibemadeEaaiy avideaily.TtiislsnasiLEiifE^ Vou 
muanct cxidyundaSEnd whd you're bulldnQ but ^so hew the 
prog'EmwIII e/o(ve(whdl cdl theys^crc/j^fe^'). Fortunady, 
cfajel-cr9t€dprog3nmlngl£n^e^sa'epatioj[aly ad^d 
sjpporting Ibis kind of omlinuing mocific^cx) - IhebcundEnes 
CTEded ly the objects aew hi tend to keep the structure from 
trc£kingdcwn.Th^dH)dlawyoutomdce(hai^-cnestha 
wdidseendraEliclneprotsdurei prog^m -without ceusng 
eathcfj^estbroughcut your code lnf£il.si4>pcftfor ejoluticn 
ml^ bethemoaimportert bendit cf OP. 



wha you think ycu' 
compa-eittoyourn 
you cm go lad; md 

portcnsoftheprogr 


crediesomahingthaaleeGtepprcKimieE 

rebuilding end theiiyoukid!theti res 
squiranentsendseewha-eitfdls^ort. Then 
fix it ty redeagningend re-implanentingthe 
-afYithadidntwofkrighti^.Vcumi^ 


i^^lir^^'J^^ 


:;.ss;sk;.™";,.-..,„. 



^aerai timeBbd^creyouhit cnthenght Bduticn. (A study cf 
Dsgn Pattens, dsoibed in Volume^ isuEu^ly hdpful ha"e) 

EvduticndBooccurswhaiycubuildaHjfBtan, sethiitmadKB 

WETted. Whmycxj seelhes/aefn In cpaaion, ycu find tha you 
redly wanted to solveadlffa"atprodan. If you think this kind cf 
aoludoniegdngtoheppai, thenycuoweittoyourseJf totMild 

Pati^}sthemo5tlmpcrtertthinglorananba"i5lJia:ty d^edt- 
t^ddiriton redly -ifyoumodfy a dassthai its super- ^d 
ajbdassswill aiilfixKticn.VcuneedrKitfea'iiioditicaion 



jsewithout a I at of car rfully- 



tresktheprogan, ender^dieni 
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By following a ptai-pr^erady cnetha: is ample aid bfid^-ar 
ccfnlngi^mithdeg^sJnKturebd^cre coding you 11 diaxva"! 
ttin^fEll togaha-f£f mcf e eaaly thai if you divein aid stat 
haidng Endycu'll ^EorEsiizeag'E^dEai of E^i^adion. It'srr 
9<paiaicethk ccmlng up witFi ai degat Eofution is dE^ly 
sai^lngdaiEntirdy dlffaatfle/diltfe^sdosfftoatthEfi 
tatiTKilo^. Anddeganceslw^sp^soff; it's net afnvolQus 
pursijt Notoriy dofsit ^veyouaprograntfi^'SEEsatobull 



Extreme programming 

I fi*e*udiaiadyasaid deagn techniques oni 
mas in gradudEsdxxJ. The concept cff^/Tffw^/'ri 
themost rail cd, End ddi^ui.thSIVeseai.Yci 

(A cH son-Wed^ 3MD) and cntheWciiSwKW,^ 



8e* parts out tha if ycu adopt ctily these two pra 
g-fSly imprweyour productivity aid rdisbility. 


Oi^yi 


DU^ 


mte tests first 






TfainghsB trail tionally been rdegaed to thelsEtp 
ataycuVe'gottaiBi/Hything working, butjustto 
implidtlyhaial™ pnonty, aidpeoplewho^ed, 
not bem gvai a lot of staus aid haie oftai s/ai bi 


iizelli'' 


proiat 









ca[l:ling with glffiwhene/a"th^ broke scmelh 
I Vehadthisfedlngmyi^f whenbreekingC-i-i- 

tests t^re^ai w ntethe code tha 's ba ng testet 

withthea>defcf&a".Thete3:smuabeeieajt€ 
aay limeyou do an integrdicn of the prqed: ( 

WndngteSsfira hsetwo ectrandy impoftat ' 

Fira.itfortEsadeef drfiriitioncftheintafacet 
ajgge3:edtha people" imsginethe perfect daa 

XP testing araegj' gDesfurtha"Ihefitha:-it^ 



daES&hciidbeha/eaidwhd It locks like but nothing IS as reeJ 
asdiofteasThefctma-lsami^listbilttietestsa-eacortraa 

tha Is enf creed b/ the compile" end the running proyen. It's hj 
toim^neamcreconira:edes(ripl[ancf adasBthmtheleas 

While a"edinglhetestaycua"e forced to cotnpl^eJy think out t 
d ess and will oftaidisca/e needed functionetitytha: mi ^ be 
missd during Ihethougfitaipaimals erf UML di^ana CRC 

Theffccndimportat^elcfwritjngtheteBtsflrst ccmesfrcm 
nnning the tests e/ay time you do a build of y cur software Th 
adivlly gvesycuUieatha"hdf cftheteainglha'spafofmedb 
Ihecampller. If you look dithe&oluti on cf programming 
latgjegesfromthispa^edivQycull seethdthered 
imprtvemaitslnlhetedinDlo^ ha/eactudly raolved a"ound 
testing Assembly laigu^echediedortyfcr^nEai, butC impo 



catan types cfmistdies OOP laKjja^ impose ejai more 

cf testing ''Isthi5daatypebangusedpraperly?lsthi&fun( 
bang (died prapaiy?"aBthekinds of teststhia"e bang 
pafofmedl^thecanpHer arr\jn-time^stan. WeVeseent 
reaits erf ha/lngtheseteSsbJtt into Ihelugu^e peopled 

mithmudilessljmeanldfort. IVepuzzladiwerwh/thiBi! 
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Eiiiem e does the Esmettiing fer yeur atj r 


aprojett Beceiiseycu 



naghtx)rsisoin3da"<jd"<heding JawJrrnjdia espe^^ly 
H ollywood mojies in whi ch the hao is usudly fighting agan*t 
mind! ess ajriormrtyi' PraganFiia^too.a"econHdael paragons 
of indrvidudrly- cowbcy codas" aBLEfryCcnstaibnelikesto 
53/ AndydXP whictiisitsdf tdUing^anScor^aibcn^ 
thinking s^sthA code ^ould bewnttm with two peop[epa 
wcrkEta^cn Andthdttus^Kuldbedcneinaia'eQwitha^^xjp 
of worirat* ens withcut the ban asthS the f 33 1 1 ti EB dfs 31 
peDpleaesofcndcf Infad: Be:k Es^slhSthefirstta^ of 



tha ore cf than win gdav* with saving"! dcntwEnttowr 
theteSs first" for atafnple And if the coda gSs Suck, th^ca 
s~£p p! azES If both of than g^ Sudt. ther muangsma,! be 

impcrtatitmskesprogranmingaiotmoteEoaslaidfun. 


SX- 


g pa r proyanmi ngdunngtheatadffipaiod; 
iinrsaid It SEansto s^ificErtly imprwe 



Why C++ succeeds 

Pat cf the reason C-M-haebeai so ajccHS^I Isth^thegod wj 
natjusttotumC tntosnO OP lEngu^efsfthou^ it stated lh£ 
wa^). but^sitDsdvema^clha'prcblaiLsfEdngde/dapsB 
tad^. eq)€dEily thosewho ha/ela^livEstmails in Cr 

■" cn^ly.ODPlEnguEgesha/esiffrEdfrcimlhedliludetl 



procedural langu^EGTtiism^betnj^inlhelcngrjn.Butintte 
^crtrup^aict oflhdbe^agewEGvdu^eThemostv^uetie 
defnatsm^nDtbethea<isling(»debase(whi(Kgv9iadequde 
tool^ QHid betraid^ed), but instead the9<islingw/h/^ss£ If 
youteafixidi cringe prntjanmsErdmu^AopejaythngytM 
knoAT eboutC inords'tDadoptanajv laigua^youimmedi^dy 
baxMitemudilessprodudivefcrma^ months ui^lyairmind 
fitserouidthenavpaai^.Whaea5ifycucenleL'erage(rff of 
youre<islingC kn(wledgeaida[p£ndonitycuc£ncontinueto 
beprodudivewith wh^ you ^rea^ knew wfilemching into the 
wofldcf at^ed-onatedproyanmingAss/ayaneheshisarha" 
oivnmmt^ moddaf prog^mmingtfismoL'elsmes^siou^as 
itrswIthoiittheaddedeipaTseof starting with a nav language 
modeJ from sqja"e cne SothereeeonfcrtheajccesBcf C-I-+. ina 



ThegoSafC++i 


simpra/edprodudiuity Thsprodudivity con 




tthelenguegeis dea^ted to ad you £b mudi . 




ndaingycu as littie as possblewith artntrary 


rulescraT/rs^u 




C-H-isdegyiedt 


obeprad:i(d C-i-i-laigu^edes^deoacns 



Voug^aninstatwina/aiifyoucontinuetowriteC code 
becaiBeC-M-ha&dosGdmaiy holeBlntheC la^gjaceandprtwld 
baEErlypechedihngaidcanplle-Iimeaidysa Yoj'reforcalto 

fcrthepr^x"(XESsorha5vlrtu£ily bea^dimmdedfcf vdne 

tugs C-M-haBafedurecdlfdra&'ffKHrthaEiltws mere 
ccn/aiist havl I ng of adct^^ES f cr fixKb en a'gunmts aid 
rdixn v^uGS The haidl I ng of naites I s Imprcved tfrough a 

impra/KtheccntrolofnanffiThaEa-enimH-ausmdla- 
feduresttiSimpro^ettiesrfa^ofC. 

You're already on the learning curve 

Theprcblan with I earning anedV langjageisprodudivily. No 
Compaq caidford to suddenly loseaprodudnveBcftwae 
a*gnea"becEuseheor5helsleaningan&v laigja^ C-H-isai 
actaiaontoC, net acofnpldienew^ntaiaidpragrafnming 
modd.ltdlomsyoutocxjntinuetreaingus^ul code applying th 
fedureB gradud ly Esycu learn akd undfTBtand them. This m^ b 
cneofthemostimpartatr^onsforthesuo:essofC++. 

In addition ^1 cf your aiSingC codeissBII«iilemC++. but 
liseaiBethcC-i-i-canpila-ispiitaer.you'll oftaifindhiddaiC 



Efficiency 

prog-emmerpro 



applicaicnsrequiresomedegreeof dfiaawy. soC-H-dw^serrs 
cnthesdecf gredie'dfidaiq'. BEcajseC prcgrammastaidtobe 
va^ dfldenc^-ccnso(xj^thi5isd5oaw^toaisuretha:th^ 

wcntbe£bletoa"guelhaitielaigu^ei5toDfa£ndd(w.A 

±illtytodlrectly write Gfisanbly I Gfigjage within a C-M- prolan), 
tutanecdotd a idaTcegj^estBlhd: the prolan ^eedfcrai 
cbjEjl-cratedC-i-i-prograntaids to be within dlC% cf a prolan 
written in C, and cft3imudidosa"i'.ThedeagnprcducQdf oral 
OOPprocramm^ actudly bemcredfioent than the C 
counterpart 



Thedhffbaid^itof thiseeeecf eipreB3cnlEmantenance wh 
(if r^orts on be bdie/ed) takes a huge portion cf the cost a/' 
progan'Blifdime [f aprogan iseeaato undffEtand, then 

ma nta ni ng the doaflnenta:i on. 



Maximal leverage with libraries 



Irbray isLised-gjaaiteangpr 



mithoiit ttie kinds of neme d a*es you'd run into with C. 

Source-code reuse with templates 

There I s a a ^Tifi cat d ses of typEsthd requi ^^ Bcurffiode 

in C-H-pafofins the Bcuromde modified an alomdicdly, 

mdimgit ane^eodly pcwafy tootfor reuanglltray code A 
typetha you deagn uengtHTipldEswHI work df Oft] e^y with 
may oiha" types Tempi aesjespeddly nice because th^ hide 

theccmpleiity cf this kind of code reusefrom the d lent 
prog-ammer. 

Error handling 

ErrcfhaidlingmCisanctoricuBprcblan, aidonethaiscften 
igncred-fingff-aoBangisusjeily irvdved. If ycu'rebuildlnga 
la^ tempi aiprog^n. there's nctfingwof^thaiha/lngai 
aycrburiedBomafhaEwithnodueastowherelt canefrom. 
C-w-at^m/a'Kft/^dnlroducedlnlhisVdiflne aid fully 
cchS'edlnVolune^ wfichlsdavnloed^efrcm 



Programming In the large 

Met^ traditforct JaTgu^esha/ebuilt-inlimitdicnstoprog"an 
szeEndonnpIauty. SASCforeianpl^caibegredforpulJLng 
to^ha"qjl(ksDlutiansforcatandaBsesof prcblans tut if the 
prog"£fn gas morethai afedV pageslongorvaituresauttf The 
narmd prcblmidD(iiand^thdl£nguEg^lt'sliket7yingtoaviEt> 

Foraonpl^ wh9iaprog3n^sb^andp9h£ps5Q000lineGor 
code nane CDlliacns Stat to beaxneaprodGfn-dfeliv^.ycu 
nxKutoTfunclicnaidvaiEdenaneBAntrths'paticulErly bad 
prcblanisthelittleli::lEsinthef: lEnguEge-Eirofsbiiriedina 
lageprograncaibeartrandy diffiodttoflnd. 
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Strategies for transition 

gamy mereger/cdle^uea'd^Grtment/peerstust; 

cbject^" Think atout htj/j you - cnei ndgjaident pn 
wculd 9Q atout leerningto use a ns/j langu^eend e 
proyammingpaadi^.VouVedoneitbd^araFrrst' 

fed fcf the baa cswrthcut dang aything too confu3 



1. Training 

multipleirtio-itaKeworka Pick agnail g-oup for indoctrinSi 

prrfffably cne com posed cf peoplewhoarecuricua wcckwdl 

tt^ha", aid cai fund:i en asther own ajpportndwork while 



"ara:e^cmanager5£6mdl asdeagnatdproganmlng 
' prefect bulldss This ise^ed^ly goodfcrgnalla" 
imd:lngfund£fnaTt£* ^fKinthew^th^ do things or 



dsi^ pattffns, awffed In 
4. Use misting das 



St£ndadC-i-[-libr£neamhidia"ec(wa"edindq)thinVt 
cf tfirs bock). The^HxteGt ^jj^fcaion de/dcpmait (yde 



dagfiesthdme^ aireaiy aii^r Your ajccess with OOP aid C-h- 
will be optimized if ycxjm^e 31 dfcft to se* out aid rajBeoth 
pecpJe'scBdeeErly in thetraiat on process 

5, Don't rawrita existing coda in C+ + 

AMJiou^<si7p//^ycxirC codewith aC-H- compile" uaidly 
produces (scm^i mestranaidcus) baidite by ii nding probl ems 

adebn^fixKiionEi <adeendre*nteltlnC++. (If you must turn 

incranatd bai^itseq)ed£ily ifthecodeisdaedfcrraiEGul 
diences aeyou aast gong to sethedremanc Intreases in 

productivity tha you hope for inyoyrfirafav proj els unlesstt 



Management obstacles 



^anm?s(aid prcbEdy for prog^mmETS in oth? procEdird 
^a^sJ.ltlsitfre^Gndthsea'ecbstGdfsyau^KXjIdbe 
re of bdbretryingto s^l the mtweto C -H-wrl^nycur 
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Performance Issues 



Mo5ttraJitLcn£i OOPIafcgj^eswa"edeg^fcedwlth 
e<pmmaitAanaidr^d pfotdypmg In mind raha" thai lean- 
End-meai opET^cn. Thu^ the^ vlrtuEJiy guaartEed aa^iiUcat 
ina'€EEein3zeaKJd€crE£ffi1n^)€Ed.C-i-h hove/a', isdEsgnEd 
with produdicnpraganmlngln mind. WhaiycurfocuBls on 
r^d pratolypln^ you cai threw togdha' compana^ EGfa^ £e 
posablewhiieigncnngdflaeicy issues if you're kjanga^ third 
pEfty libraiea these aeusiidly dreac^ optimized b/thar 
vaidoES m ar^ case It's not ai issuewNle you're In r^ d- 
d&dcpmeit mode When youha/e a ^stantha you like if It's 
sndl aidfastaiDugh.thaiyoutedona If not you begin tuning 
with aprcfl ling tool. loDklngrird:fcr^}eedupsttia:cai be dene 
w ith ampi e Eppllc^ ens of built-in C++ fedires ifthadoemt 
hdp. ycu lock fcr modiflcdionstha: cai bemalein Iheixidalying 
I mplanat^ en so no codethd uses a pati ai ET d ass needsto be 
diEi^ed. Only IfnethingdssolvesthepreblandDyouneedto 
diengethed^^ThefalthipaformenceisHJoiticd intha: 
port an of thedeagn isai Indi caortha it mu* bepert cf the 
pnmay deagn cnteria you ha^ethebaidit cf fi ndi ngthi 5 cut 
ealy usjng rapid de/dcpmat. 






usngC GndC-i-+, nocompay i&likdytowGGtemon^thauv^ 

universEily, programmaswhoha/emo/edfrofnC (cr some other 

hadthepasind eipaiaicecf agred:aieJa"aioninther 
prog"£fnmi ng productivity, aid tha 'sthe m ost o/n peJ 1 1 ng 
agunent you can find. 

Common design errors 

typicdiy go ttircu^asffieB of common deagnerroraThisoften 
h^pcnsbecaisecftoolitdefecdbadcfrcni e<perts during the 
dES^ End ImplEmst^on cf ealy projed:^ tiecajEe no Q'pcrtB 
ha/ebeaid&dopedwlthinlhecompaf^aidthaem^be 
resSEncetordaningoinsiitEits iE'sec^tofed thdycu 
undaaand OOP too eeriy inthecydeand go off en abad tai^t. 

laigjegem^ beasubjett of yea internal ddjaefcr antvhce 
Mu<haft!if5trajmacai be skipped ty uangaio-pffiaiced 
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)OPlS 



youravnneedsaidde]dewhelha"C-i-i-mill optimdly saidy 
UKseneeia orif ycumi^ bebata" off with aiolha" 
proy£fnmlngs/dHn{lnciudingtfiecneycu'reajrraidy usng). If 

besdi^edb^C-i-hthmyoutweittoyaursdf toirveaLgietfie 
dtemdives''. EvEnifyouaaitudly (hooseC-i-i-aByourlaiguEge 

Vcukncmmfiaaprccedurai prolan locks Mkadaadd^iritionB 
a>d fundicn c^ils To find Ihemearing of gjch a prog"am ycu fia/e 
taworkalittJaloDk^ngl^ou^tfiefuncliancdlsaidlojv-leL'd 



BeajseC-H-aJdsmaf^nedV concepts to IheC laigjageyour 
nSurd Eegjmptcn ma/ betfiatfien»linI)lnaC-i-i-prog"anwlll 
beta" mere ccmplicaedlhan for tfieeqiJvdHitC progran. Has 
you'lLbepLeosaidy surpnsEdiA wdl-wnttaiC-F+proganis 
gaiETd ly fa smpi a aid much £99 a to ixidastaid thai the 
eqiJVEialC progan. Wh^youllsceaetfieddiniticnsafttie 
abielstfiarq)rE^ntccnc^itsinyourprodHn^£ce(rdhath£n 

thosecfc^edstorqjrG^rtlheaJivitreslntfiaipaE Oneoftfie 



2s Making & Using Objects 

program conslruction concepts to aNow you to write 
and run some simple obiect-onented programs. In the 



3y re9dingthisthGpta"first.you'll tj3theb£Qcfla/orcf wha:itls 

rftfie reaBcnsfortheenthua asn gjrrcundi ngthrslEnguEge This 
^ould be aioj^ to ory ycu through ChEpter 3, whidi oi tea 
at e<hGu3:ing snceit contans most cf ttie d^als of IheC 

aiguege 

rheusGr-dd^ineddaalype orc'sr.lsmhadiBbngui^esC-H-from 
iraditi Gn£l prccedurai langjagES A dGESIsan^bT d^atypethd 
jfouorBcnienedsetreaestosdveapErticulEftandaf pnftilanr 



a/a[atteforuseinpragranE 

Clasffis thascni Gone dse has a"ea:ed£retypic£ilypai:£Qed into £ 
lihray. Thisch^ffUBeBsa/erai of thedses libraries tha cane 
withdl C-H-implanaTtaions Ane^eadiy importETt^raidad 
lihray isroslrG£fnswhi(ti{ancngotha"thingB)£il(wyQutoread 
frQmfilesaHitheke^tx>£rd, aid to write to fries aid the diBpl^. 
Vcu'll eisoeeethevery haK^^ngdess erdthevHturavitana 
frcm theSlafida"dC-i-i-Llbray. By theaid cf the diepta", you'll 
seehow ea^lt letoueeapre-dd^inedlibrafy of dasses 



The process of language translation 






cf pograns 

IntapraedlaigjageBcfteiha'eBa/e'elimitaionBwha 
lagepr(]ied:5(PythcrsGanstobeaiQiiC^cntothis).1 
intGrprd:a"(crarEdu(Hdvaaan)mua£iw^sbeinma 
9<ecutetheddaatds/aithefa5testirtapr^e"m^ir( 

ccmpi de soiree axle be brcu^ Into the I ntaprda" all . 
N at cnjy doEsltis ifrirod(j<saq}a:E llmlt^on, jt cat dE 

rrmredifhojIthiig&ifthelaiguGge doen t pr<vl def aa 1 1 
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exactly wha IS happaiing in aprogranty trad ng Its procress 

Scmecompilffstaliletfiecompilaicn-speed prcblHn t^ 
psfoiminq in-man^yartipifaOcn, Most compiles work wilhfllffi 
readngandwntingthanineEdi^epofthea/npilaionproceGa 
in-manory complle"ske^thecompila"prograninRAM. Fcr 
sndl prograna thisoisanaEre^cnaveasanintapr^a". 

TTie compilation process 

toaJslntheccmpll^anprocES SomelaiguagEsfC aHiC++, in 

ccxJe Thepr^rocessor IsaampleproyEfn thd: rgilasspatans 
inlheHRrcecodewlth(flha"pdtpmsthepraganma"h£ed^ined 

ss/etypmgaidtomo-easetherealEbiiily afthecode (Lafrinthe 
book, you'll leanhoivlhedeagnrfC-i-i-ismeenttodisccurage 
muchcftheuseofthepreprocEssx gnceiicairajseajbdebugs) 



In the second pass the nt^5ff?3"^7W£jksltroygh the pars 
md ^laaas ath? assanbly largjagecodeormahinecoi 
thenodescfthetreeif thecodegenffdiorcredieBaEsanbJy ' 

cfajectmodiie(a^fethdtypicaily haBaiedisisonoT.oor J 



^^decontar 


imgredurriEftas 


sanbly-laigu^e 


rtunSeertifa 


cb|«t"todescnl> 


into use brforeotject- 


1 progranmir 


igivEBingaiasli 


ise"Ot)e(t"isusedinthe 


nseas-goEl" 


ivhai discuEang i 


nmpilSonwNlematjett- 


1 prolan mir 


ig It meais-attiin 


gwithboundaiea" 


s- combines a 


ihst of cbjett moduiesinio ai sieQitEde 






the opa-aing ^stan. Wh3 


Jimcnenbie 
















Ikirngcon^ilaioj 


id0 9ii*,Thel]nka-d9D 


peodcbjettr 


nodiietopafctTT 


1 Btat-i^ sliuities 


a-caisea-* 


thrcu^^Kodfi 


lescdledAirarsma-da-tc 


£ll rtsr^fran 


aaAlibravoa* 


ansacollettioncf object 



Static type checking 

The compile" pHfarm5 5/efAs;*?>^chjnngthefir5t pass Type 
dieiii ng ted5 f or Ihe prcpa" use ctf agumaitB j n fund] ons and 
prei/aits mjv kinds cf progranmjng arora Sncetype dieking 
minsteEbcfwhenlhepragranisnxwiing 



Scmecbfel cnmtedlEnguEges(nDtEdy|a/a)paforr 
&e(k\ng^rurt\me{f^3iitct^!edts:ffng] (f combim 
type diedangdynanfc type chedang IS mere pew af 



Tools for separata compilation 

Sfp^^e conpEl ^loniBpEfticulaiyimpaftanl: whai buN di 
prqels.lnC aidC-M- apro^an CEn beo'e^sd in sndl. 





iqianair, 
gaprog-at 


iiDirti 


jpiSBr 


itheiilitvtoii^e 








dC++ a subproyEfn 








rethepie 




placed indffB-atfilea HI, 


ii\ngs 




mpil^on. Put aioUie 


w^.thefuicUc 








siKsyou cant ha/e 


pErtof afuicBo 








tinadiffaHtfilathe 




TiustbeplaEEdina 


an^efih 


=(dlhnii^filescai 


aid do contain 


ncrethait 


nefunc 






Whaiyou cdl £ 


[fundi en. V 


oulypi 


c^lypass 


It sanea-^mgits 






'thehir 




irorkwithdunngits 


9iecution.Wha 


ithefunctii 




i^iedyo 


jtypicallygSbadca 



othfrlifEsinpa 



theboakE 


sse*idiy£fl C aid C-H-progariB required 






oi writeyour flrst progran, you need to ur 




thepropET 


wa; to m rite a ded erai on. 




A dxls^c 


n i rtroducES a nana - ai i dentifi 3^ - tothe ( 


ompla^M 


tdlstheco 


■npi la^ -TM sfincB cnarthisv£ri*lae.iass 




aidhffaiB 


iwhaitdHuldlocklika-AoaraOm cntheotha" 


hiaid.s^s 






ItdlocSes 


storagefcr the nana Thi s meaii no m ctks w 


haha^ 








/aiEbletl 










n manojy to hdd ttiedSafcrthSverdrfa 




fundjon, thecompila- ^laaesoxle wMdi aidsi^ oaup/mg 


acregeinp 


Tianojy. 





Function declaration syntax 






TliefirSk^n*crdyi!(jseeisthera:urnvdue£llb/it5df;il 
a"gunHTl5£reaidosed inpEraitheGeB^erthefuKtionni 
theorderlh^EreuBed The^anicolonindicdieBtheendcf 



C aidC-H-dGda^cnBdtanpttomimKtheformof thi 

use Fare<£fnple if ais£ndha"intega"the£b(wefund:i 
beusedtfiswa^: 



SincefuinallrSurnBanintego-, theC orC-H-ampilfrivill cheb; 
theu5eotfurn!l()tom*egiirethaacai£e(^tthiera:urnvalue 
and tha the a"gjnafl:5 are Eppropn d:e 

Argumals Infundion dedaraionB m^ ha/e names The compita" 
lucres thenmies but th^caibehdp^ EGmnancnicdei/ICEsfcr 
theu5a^.Fcre<£mplQwecaidedaEfijncl()inadifFaaitfa^cn 
thd haBthe sane mE£ni ng 



ThH"elsaH3Tificatdiffa"a»cet>3weaiC andC-i-i-forfund:K 
with Gfnply a^mat I ists. In C, the dedaai en; 



Function d^lnltlons 

ha/ebodies A body isacalJetianof dianafl:5aK3< 
BrECES daiolethe begnning and aidrng of a tJod< of 
fundi laddinibontfia I B an anpty body (a bcdy ca 



tousetheErgumentsinthefundionbcdy (anceth^ sr- 
Variable declaration syntax 



'cmiseitail^ssom^lEce and It's avErisblecrfX lype" 

lafuncBcndeda^on, yaugveatypedheraumvdu^.the 
incdannanethe£rguma*l<a.£rdaseiuca'a(vThd:'5aH)u^ 

indjcndmuld look Mke By inferaKe ava"id)fededaaion mi^ 
jatypefdiowed ty ananB For eiample 



nirtega", uangtfielotpca 






ks/wcrd s hussi^sfluousEndcp and forfuncE 
sprotdilvunfajtunaethithedea^aBcf C i' 
theuEeofattemorfmctiondE' ■ 
ona^Hi aid ess crfuang b* 
typing, wtiidip obabiv etplani 



lnlhefixid:ianded£rdicnsthea^matldGntlfiasa"ecplicnd. 
I n Ihe ddiniti ens th^ErerEqui red (Iheidatif I e"sa"e required 

I ncluding headers 



rdicnsfor alibray it convaibcndly h£ 
acnof h' EudiGGhudaflleJilVGuiii. 
usngiiffa-ateiitaisons sudiasiBOli 





cesser to seer di forthefi le in av 


patJoia-toyoL 


irimplaneitajcn.buttypicdlyl 


cf-indudesffifi 


h pah" tha yoj ^eafy inyour 



tdl thepreprocesscf toseefdiforlhefHeln(aEcrdingtothe 

typicdiy meaEisto5ea"diforthefHerd*vetol:hea]rTal 
directojy. If thefrleisnot found, thmthemdudedirecBveis 



Standard C++ Indudefonnat 

actaiaonsfcf filenames In additLcn, various opffding^stans 
ha/edfferat rEsOl ebons on filenamss in paticulsr on name 
langlhThaslsjEscajEedEourceaidepoitadllty problEfn^To 
snoolh (H? thaserou^ ad^s thestaida'd usas afcrm^ th^ 
ai loivsfi I e naites I cng? thai the notonous e^ cti7ad:?s and 
dimindesthesftmson For example insteadof thedd^ecf 
indudngiostreamjiwhichlool-slikethis 



Thetraidaorcammplanaittheindude5taanant5inaw^ th 
Hjfts Ihenaeis of tha part ojlar compile" and opardrngspfstam 
nacassaytnjncdingthenamea*d adding anectaiGcn Ofcour 



5lltra"iestha ha/e been inherited frofr 
smcremodanC-H-mdudeaylety pre 



The dTett d the nav indudefomia isnot idatjcel tothi 
uangthe Ji gives yaj the ol da-, non-tan pi Severacxi. ar 
cmitBngtheJigvesycuthenavtemplaizedvsaiiii.Vi 

usjdIyhaieprcWeinBifycutrytnintamiKthetwofcnT 

Unking 

ertaHcnsliltejicr jibp, genaaed tythecompila", intc 
e<eQjt£bleprog"antheoperding^stefn C£nl<ada>d rL 
I set phase of the tempi I ai on process 

Linker diefalenaicsvay from ^aem to ^aan. Ingai 

WEntlinkedtogelha, aidthenanei^theaiecutatJeax 



I the li a you give than 
usproblemthSdc 



Using libraries 



Usethe f uncB ens aid vai Ed es I n the I i bray . 
Link Ihelibraylrrto the e<ecjt£bleprog"£fn. 



How tha linker searches a library 



llnkffdoeait need to look through dl the ot^edimodulesln the 
libreiy -Jt|ud:lackslnlhelnde<.Whenthelirikerfjndsadd^jni' 
in all bray, the sti re ot^ect module not juaihefuncti on 
dd^inition, islirked Into tl^e<eojtEde proven. NoteltiS the 

whcJelihray l3it linked, |ua the cb|ect module in the libreryth 



Hze ycu mi^ Canada" putting a an^efunction in €Q[ti source 

Becajsethe 1 1 nka" seErdiesfl les I n the arda" you gvethcm. you 
caipre-anpttheusecf alibrEryfuKiiontT/lnEatingefrlewith 
yourownfixHtion, usngthesaitefuKiionnEmelntolhellS 
bdcrethell tray nane^)pea^3ncethellrkEr will resJvear/ 
rd^aaiceEtothisfundianly uangyofffixKlicnbdoreFt searffces 
IhelibrEfy. ycurfmdionisuffdinsteEd of thellbray function. 

Secret additions 

so-dly linked in. One cf these istheaatup module which 



Efythinglnthalltray b/ amply Inducing Use ^ipropru 
filelnyoffprogaiiiyaudantha/etotdl It to SGa"ch tht 



Using plain C libraries 





™c 


librav fyndion' 




irecnbrayiB 




indudedWdrfailt into stall 


















th^ca- 


isa/< 


iycualntodinn 








Thsba 


icwi. 


lluseStaidadC 


++(aidlhuBd! 


nSiaidadClli 


ibray 






Hicomaiatbi 




li bray fundi on 


swill 


be used. 




isuretheportii 


li^rfproya^s 


.lnthefe~c« 






tea> 














atanptswill be 




















rffartth 




ludesfmOionsI 








libray.' 




ai gaiH-dly eip 












. LinuK) plSfocms aid oftai jnc 


laDOSWindc 






nple 




Tultjthreedingyi 








IX ttrfsd librafy becE 




illthmbeeaSato 




aid, 1 






(threailibray 




usidly 




isetheunda-lyingthrealfailitEscfthe oper^ r 


ig 


syaan, 


if these aeprivided) 









Your first C++ program 



Using the lostreams class 

Todedaelhefundicnsaid ettffnai d; 
I nd udethe hsada filewlththe stdian e 





v^sliutha-eitwill 


r^^e 


|71 ab|ed) c^laj c 


oireafYipakageE 
outthaax^tsall 


acmai(£llyd*ne 

. daalxxjndfar 




output 






To Bald 1 


daato Bt^da-d oi 


Jtput ycu use the 


opa-acr « C 




mas know this op 


laSor asthe-bitrt 


■iffilrftdiift-wNd 








ttosa/thaabtv^iE 


Irft^ift 




A-ithoutput.Hoivi 








Vhaiyou iwa-|o3 








nthacpe-acriBL 








'snoliHtetheo 




"smdta 


■Fore,anple 






^Bth. 


!5tiing-hcw(cf/!-' 


totheobiectcdled ajut(whiih isimil 


fcr"conE 


deaHpufl. 







Tha's axxjgh cpaacr ovsloaingto ga you aated, C h^a" IZ 
ra/ffsoperaoriwH-loadmgmdaal. 

Namespaces 

Asmenlicned inChapta"!, oneof theprcblan&enaxinta"edinth 
C laiguGgei5thayou"runoutrfnanes"farfunclicnsaKi 
I da* f I H"& when your programs reedi a ceta naze Of course yoi 
dont redly run out cfnanea itdoeahcwei/a, beaxneha^iato 
thnkcf nSdV ones^aawhileMoreimportaitly, mhaiaprogai 
reeid*esa<atanazeif5lypjcdly tjrokaii^jntopiaEaeeiitiQf 
whichistuiltaidmantanedb/adiffaentpaEcrorg-cupSno 
Crffettivdyhesagn^eaaiawhaedltheidaitifiaaidfundiio 
nanesiJveU^smeai&lhadl thede/dopasmuabecadul not I 
aaidenteily UBethesEmenanesinatuaionswhaethe^' cai 



Name^assaeacomaiertandhelpfultocl buttherpreEaice 
meersthayai must be avae of than brforeyoucai write aiy 
programs Ifyou amply indudeahealafileaid use 5cme 
funchcnsorobiectsframthiheada ycull prcbsbly gi straige- 

thathecumpila (ainctfind ay of the dedaSionsfcr Ihe items 


aferttmesycull betcn 


lefanidawithitsmeainghvhidils-Vou 


name^aeaid you didi 


Tttdlthecompilathayojwatedtouse 


Thaesak^wcrdthadlfflvsyoutos^ 1 manttousethe 
deda^ ens aid/ or drfi nitons in this nare^ace"ThiBk^T~crd 
apprcpnady aiou^ isuijng All of the SEaidad C++ libra) es 



aan^enaoe^ace whid^isl 
leethef d I oa ing usng itr^i 



name^)a:s cd I ed ltd A fte* I 

thayourparticulalibray c 



Enpos ng dl the eJantnts from a nEmeGpace a^a" someone has 
gone to the trcubleto hidethan m^ seen abitcDurterprodudive 
End infalyou^Kxild beca-dJ Eboitttwu^Esdy doingthis(as 

aiposesonlythoEenanEsfortteaxraitfll^soitlsnctqiJteaB 
drEficasitfirstsouid^ ^utEHrd'itwIce^KXJtdDingitlnBhEala 
fie thSiiraiclessl 



5taid£fd 'ed (w thout the trail ng',h'. asin 4aslrea>^. the 
typed wa^ to ndudeaheaJafilewEEWiththe'Jl', sjdiaB 






Ch^ff 10 the Eutfect 1 5 co/ffad much mcrethcrough 

Fundamentals of program structure 



eprimafy codefor the prolan hae 

■hichmustbeBpa3fiadinC++), afund: 



snplefixKiion dd^inition; 



iTslnO^vi^shEs rium type of I r* 



isuEedactmsvdy in this bock. 



Ktion flndl outputs Hie line and e novli ne 
Etnng tt^aha" a series cf agumatsliket 



I nC.teft ma dedoublequoteslstraditiondly called a "string." 
Hiwe/a-.theSteruJafdC-H-llbreryhaBapiwaful dasstdled 
4lingfc mam pulling te{t, and so I ^all use the more preds 
tarn chEfsctff sfa/\tf ted: made dcubf e qiMes 



i Btoregefor dieracter arr^j 



tor^e conta ni ng Iheval ue 



lavari^ cf differatagume 



Thrcu^KXJt this txx]k y c 
(typicdly/fl followed b, 



wint.Bnic£M.ia!i]. ThefirstlineElBohEBth 
cfthefilasoitcaibei^aredtointeiiaiilii 
youcmeaglylocSeitintheEou-ceoalefort 



Running the compiler 

After dcwnlcaJing and unpaJ<ing the t>[)ck st 
prog"anlnthesut)direlofy C02 Ir^ckethec 
HdlcKqipaBtheargumst. Fcrsmple cne-fik 



More atwut iostreams 



lacanple^KMStheioareansdEspnnlingnumb^s 
m^. Dct^, Endhe<aledmd \Hr\qio3Teem ntanpu/ati: 
t pnntaylhin^ but dEn^theddecf the output sb 



aixve ttiediariZTJsaidB en " escspe" to cout 

Character array concatenation 

<3yK3feT50a^. TNsfediffeisuffdtnsamedtheaiGmplesiFithJs 
txxiclftwoquotEddiTaits'ar^sa^Edjaatf, Endno 
punctu^cnlsbd^veEnthsn.theccmplla'will paEtetEie characte' 
EfT^stogaha" Into aan^edETECterar^. This ispartJculErJy 
us^l whai axle II dings Ma's width rEdncti ens 



Reading Input 












used for SmdEfd input ]s dn If or ■ 




put"). dnnomiElly 


sipetts input f rem the ransole but 




cm be redi retted 




Ediraii 


jnis^uMnlaa-inth 



TouffithallF*BIl()funrtion yuqiveitaiha-etta-ara/thSyou 
wciidnorm^ly type ^ the opa^ngs/stsn command prompt 
Th(5C£n£isoiridudecominand lineargjinsit^ and the character 
arr^canbeanethayaufabncdiedruntimeGn^eEdof Justus ng 



Thtsprografn^rawsyouhcw fEs^itistouseplanC library 

ThrBupwardcompaibiiHyfrcmC toC-i-i-lsabigadtfant^eifyou 
are I earing the langu^eSarlingf rem aba^^aind inC. 

I ntroducing strings 

Whileacharacterar^ can beta riy utd^ul.lt laqjitelimited. It's 
amply ag"cupcf ctiaralas in mancry, butif ycuwattodo 
arythingwithityou must manendi thelittledetalaForeianple 
the azecfaqjotedcfiaracterarr^isflxed a compile time If you 
hareacharala"arr^aKiyouwarTttoaddsomemcrechaad:a"s 



inc^licnof theC langu^e Sft £ithoughaienlirediapta"ls 

d&ated to thesWngdassin Vdumelof this book, thettilrgi b 50 
impoftataid it makes life bo mudieeaa"tfia it will be 
introduced hffe and used In much of tfieeer ly pat cf the book. 

To uffistrir»!Pyou I ndudetfieC-i-i- heada-fi le<*rtng»Tfiertrlrg 
d aB5 IS in tfienane^£ce*dso a ijdngdire±vei b netssBary. 
Beajseof cpaaor overloading, tfie ^ntai fcf us ng ailing I b 



CUB ccrtats - tfia's haidled ajtom 
iinestrlnff you sn^ly usetfie'V of 
combine (haacta- err^swittistri 
nd ettia- a stringer a cfiarala- cf ra 



soynu csfi |ua said a stringier et 
3astrin9ivhidih^ipmswitha + s3 + 



Reading and writing files 

I n C. the procEBS rf opening aid rriEfiipulai ngfi Its reqJres a 
lafcgj^eba±groiiKitopr^a"ey(Xjforthea]mpleiity cf th< 



AHhbughthiswIII EuEom^c^ily lndude4J09treflni>it'BgaKreily 

pnidattnetplmtly indudejostreamwfyou'replerringtouse 

ToopaiafilefnrrE£ding,ynuireaemlfstresnic!ii|eiiwhidithEii 
bdiaieslikednToopaiafilefcrwritJngyouo-e^eefKifstraan 
cbjEct, whidithsibdia/eslikeoHIt OnceyouVecptnedthefile 

lOEtrean ct^el. It'sthaampletwhidila of ccurse thewhde 
pointl. 

OnecfthemostusdiifunclicnBintheioareem II tray is 

newlind i nto a sbingobtEO:' Thef i rst a^ums 



Therelsan&f ccfKgSinEroducelherawhi(tir5thewh||elocp. 
AHhou^ thiswill beetplaned in dSal inthenart di^a-, the 
bagcidEBisthaiiiefflpreBsoninpa-Eithesffifollcwingthewhl 
ccrtrolstheaeQjbcncf the subsequent 5ta:anait(whnti on ail 
bemultiplestdffTisIs wrapped ins de curly bra:^. As long as 
theapresaaninparaithesesdnttiiBcaBegBBIneOndprodiJo 
a "true- rsiJt thai the aaanat contrd led by 1hewlill»vill 
ccntJnuetnaceciitalttumsouttha9*llnB(h"iilrSurnavaiu< 
thd:canbeintapraedaG"true" if anotha" line hae been read 
sucxss^liy. aid'fdse" uponreadiingtheaidof theinpuLThu 
the ^Mhewhll sloop reads &ay line in the input fileabdsaHJs 
each linetotheoUput file 



Bfcajseofthed/nai cndu eof rtrfnffiyojdcnt ha/etowcrry 
about hew mudi Scrage oaf oc^efcra drlngyoj can juEt keep 
adci giti g and hesWngw keqtetpandingtohddwhas/a- 

Onecf the nice things about putting an aiBrefHeinto a rtrlngis 
tha:the(tilngd£Bsh£Bmanjfund:ionsfcr seetdi ng and 
maipulai on tha would thai ailtwycu to modify theflleae a 
3n^e*in^ H(wa/3", thiahasltsllmltaions Forcnethin^itia 

abigbJcbcfte[t Fcr&aniplelf youwattoaddlinenumbarng 

it'smudieasfflf ycuha/eaahlineaBa^araertrlngotiiet. To 



I ntroducing vector 

With string wecan fill upastilngcbieawithoutl 
much acrage we're gang to ntel. TheprobJ an wi 
from afileintoindividud strlngcbjalsisthaycu 

frcnt hew many arinfyouregdng to need -yaj 



rtrlngobiettB asms cEfeto put i nto it. 

lnfa±.wlvlimitiiiBdvestohi!ldmgttllrgot!jEas?lttumsout 
thittiskindaf prcbfan-nctkncwinghtwmaiy rfsom^hmg 
yauha'emhileyou'remntrngaprogan - happens a lot. And Itiis 
■ccntana""at(ed:scxffid5Jike[twauldbemoreus^ul if Itwcxjid 
hold a7/^jTtff/a^a"^3a'/.'Fcflunady, the Staidad C-M-Libray 
has a reedy -made sol uli art the aEndardoiftans'datsEG The 

Therelscftaiabtcf ccfftfuHant)dweatthea)ntanas£nd 
aigaithmslntheStaidefdC-i-i-Libfay, end the aibly known as 
the STL. The Slaidard Tanpl d:e LI tjray w as the nane A E ai 
St^an(^/(whDmaEmcfklngiHa^f|at-Pad:e^ditheli^le)u5ed 
whmhepresentedhislibiaytothaC-i-+StaidardsCainmltteea 
thamedingln^DlegD.CdlfamialnSpnngns&lTheneme 

dtmiioads. MeawNle theccmmitteelite^^fd It intothe 
SlandadC-i-+Llbray.mddngalargenimiba"cfdiangea STL's 
dejdcptnentccntJniieEd9llaiiGi^itics(SGI: see 
fifp^i^i'mr.sgf.ain/rs^nc/cgy/ST'Ll ThsSG\ srL(iva"ges(Tanthe 
EtandadC++Libray cnmaYSi±tlepoint£S3^thau^lfsa 
pcfiula'mieccnt^riicrLtheC-i-+StaidarddoesrKit'lndude"lhe 
5R.lt can beabtoiitfija ngsncsttecontaners aid ^gcrlthmsln 
theStaidardC-H-Llbrayha/ethesanercxit (and usjdiy the sane 



31 thou^ Iheimptanataiondtl 
Ttanasasd aigaithms uses seme. 
1 cxvasgetakeBtwolargedi^ta^ 

ra(y can also bepctent without knt 



Early di^te" and used throughout Ihi 



You'll findtha:you cmdoatranaidouE £m curt just b/ US ng the 
baa (s of VKtOTSid ntitwcnying Eboutlheundsfyi ng 
implanait^ontagarLailmpcrtatgi^ cf OOP). Snceyou'ti 
IfErn much more ^lout this aid the otha" mrtana^when you 
reeehtheStaidafd Libray di^a5inVdume2. It Beans 
f crgveble if the proyansthiuffivaitorin the eerly portion cf the 



TheVBCtordEEsiBai'sip'aB which meEfistha It cmbedfiomtly 
£ppl led to diffa-ent types. Tha is we cai creSe avactorof dl^lK 
avactorofcds a vedorof string a:c BeacElly, withatemplae 

thathedEEswill wctkivithdnthiscEBewhatheveiJorwill 
hdd), you put the name of the dea red type In " En^e bradca^ " 
which mcEfis'-tf aid '>'. SoavBdwof sMngwculd be deleted 
V8iJor<5trtn9>Whaiyou do this ycu aid up withaoiaomized 
vettof thawill bold only rtilngobjects aid you'll gdaiaror 
messEgefrofnIheccmpilalf ycutiytopiJtGfytbingdBeintolt. 

SlrKevedora<presEeslheconc^ of a " ccntana, " thaemuS be a 
w^toputthngBlntothecontana"£ndgathjngsbad((XJtcf the 
ccntana.Toaddabraid-neAdaiiatantheaidcf avactoryou 
usethemHiiba-funaionpush_ba*(lJRananba-tha. anceifsa 

reason the nanecf this manba" fundi en mi^ seen abitvaboffi 
-push badtC^nstcadof sinaHng9mplallke''put" -Isbecaise 
thaeaeothaccntanas aid otficr man bafuncticnsfor putting 
new danatB into contarcrs For aianpie thae is ai Insert)) 

manba function to put somahmgmthemiddleofacontanH-. 
VBiliirajppcttsthisbutltBuseismorecomplicaadaidwewont 

|iuah_f ronti Knot pat cf vcdon to put things a the beg nning. 



so you iai put new d anats into avBilofwith pijGll_bad(l)but 

htj/i do you ga thesed anents batk out sgan? ThissJ ution is 
moredeL'aaKidegat-opa"a:or(VH"loadingi5USGdtomd:ethe 

fully Inlhened chEptEr}lsadda type th^isa/alablelnvlrtu^ly 
e/ay prog3nminglaigja^9oyou^ciiddrG9jy bescm&vh^ 
fanlllETWIthit Arr^sGre^^ra^^, whidimEEnth^cxmsstof a 
numbET of d anmts d ixnped togdhET. The dl&li n^i ^ r^ 
diaaderi^ccf aiara^' JsthithesedanentBErethesEmeaze 
£nda"ejT£ngedtobecnen^dta"1:heotha. MostlmpottEfitly, 
thsGedanatsca^besdatedty "indeilng" whi(timeat5youcai 
53/ "J want danait number n" aidthademaimill beproducai 
uajdiy qui ddy. Although thae are ei<^HIon5inproyai>mlng 
laigusgea thelndQ<ingi5narnidly adil&eduangsqua"e 

danart five ycu 5^ ifl(notethd:lndQ<ingdwa^s starts dizero). 



going on unda" 

VSCtK 


heta/asinorda 


WiththSinmin 

useavertwycu 


I'lX^^^h^ 


;ii:i 


r 







Muttidfthisprag^nissmilErtatheF: 
EndhnESErereEdintoatrlngcbfelson 
ilrlngabjediBa'epuEhEdcntD the back 
whileloop complaies theet ref I eis r 



toawtlllBloape«^thaiti 
thaEisa-ccntrd apraaon' 
whilelocp. Have/a-.ttiiscor 



CTGdesailntGgB'ltoiJseaBaloDpGHXits'aid^vEsitGnintid 
vduecfzsikTheteslingpcrtians^sthdtost^lntheloDp. I 
shcxidbelessthaithenumbfraf EJsitstslnthevoctorvCrhislB 
produced ii3r^themanb?fuid:iondza(),<"hidil just sal cf 

mea»ng.]Thafin£lp<irtonusEsadicrttEndforCaidC++,the 

l-t+s^s'^thev^ueiifl.addiinetoit EndputUierESjItbEdi 
intol.ThusthetctddfatiifthefarlocpistotEkeavai^elGnd 
marfi It Ihrau^ thevduesfrcmza"otoaneless thai the sze cf 
ttievedorForcahv^aeof l,theoHJtEt^anmtise<Eajt€daid 
thisbulldsalinethaconsstsofthevduecfUmEgcdlycojwated 



EneaSlymcdifythi 



e[presacna/£iuaesto"f£i5e"lt me£nstheendcfthefile 
reahed. Of course ddlmltir^wcrdsty white^aelsqui 
liAiim*eGforaamplea<£mpleLSa-inthebo!ikyou'll 

wa; you d like 



DU cm seetha thev«tori s net 


mitedtoonlyputi 


ng things 


dgSBnglHngBoutVojdBol 


a/ethe^lityto; 




chaigel to ay danat of avei 


lot ds) through t 





InthepoceBsof shewing The fEsecf OOP wh3>uangli bray 
daE&e^tfisdifpte'EisDinlrodLJcedEaineafthemo^bGSCTid 
us^ut1ypeBinlheSlanda"dC-i-i-llbray; thefanily cf ioslre£fns{lr 
p£ft ai a", those [h^ read from End wnteto The console End files), 
thestringdEBs.aidthevBcUirtanpld:eVouVesmlii>~ 
stra^itfarwaditlstousetheseEndannOdV prob^y [msgine 
mar/thingsycucEnEccomplldimiththHTi. but there's EiluEily a 
lotmorethSth^'recEpEiilecP.Euailhixijime'llonlybeuangE 
llmltGd ajb^ of thef unction^ ity of thesetodsintheealy pat of 
thebook, th^ nondhdesBpro/idealErgestEp i^ifi'om the 
pnmitivsiesscf lEErringalojv-le/d laiguagellkeC. Endwhile 



leaning the Icw-lejd Eqiettscf C Is 
ccnsumln9lntheaid.ycu'll bemuc 

cf OOP lEto Mdethe dSeil b soyou o 


ai" pant wit 


= 


ffihigh-l&dasOOPtnesi 
■a-ed inthenart diEpta. 


""•"'" 


terclsi 


BS 


...,.,.,..., 


^' 


lcr*oeaze crycur dogs age ifttiSn 
bdta). C cmpi 1 e End nm the progan. 



sngStreonZqiF^ndHuiiiaii 



Crfaeaproganthacpaisa 


leai 










CrEaeaproganthaccuntst 






patj aJ a- w crd i n a f 1 1 e {use th 


estringdass'cp 


■— ■toflndthewcrdl 






C hEtige Fl llvactDr,q>pEo tha 






Ibad^a^ds) from lea tofira. 












Sea 


ingbrfor 


itout.butdonttrytoaddline 


numb 










the-Enta-" ke; rfta" esth line 






CrfaeaVKtoPfloiwid put 


25flo 


aing-pcin 


into It uang aforlocp. Di^la/ 






d fill thef 


intheprs/iouseia-aseWnte 


ator 




cojTEfpondi ng d anent in thef 
therfsjltinthecojrf^ondmg 




OVBCtlHB 


vadH Displ a; dl thrfevactCHS 








mbasint 



D I EpI ^ the vfldorbaoTE 



3; The C Sn C + + 

syntax of C m order to program in C 
must be reasonably fluent in algebr, 



f yauVen&a"seGnC b^cre this di^a" will gveycxj adecsl 
)akg"cundintheayleof C usedlnC-i-+. lfycua"efaniH£f with 
hestyteof C desmbed inthellrstecition cf Khtu Jian & Ritchie 
aftEiic£HedKS,RCI,youwlllfincls(i(nenavaiddiffH-mtfe*urES 

I. you diaid^lmttrou^tbisdTEpta" locking for fedureBthd 
rapatiai£rtoC-i-+. Notethd:lhs"ea"eH)mefundamHit£i C++ 
edires Introduced hs'e which Ere base ideoBlhd 3*6 ^in to the 
ediffesInC or often modlficd^onBtothema^'thdiC doeslbinga 
'he more BopNaicaedC-H-fedureB will net belntrcduced until 

'hiBchEpterisafady fafit ctwffEQeof C ccn^ructsawJ 



laigjGQe A moregatleint 
pEdcEged I n the badt of th s 
fa-ya'aiC-f+b/ChudfAII 



It EJsocortanseie'dssasd guided EdulLcra Ke^ in 
:becajffitHs(h^a"93esb^cr>dlherj^/?^j^/f?(rCD. 
nctarEplaHnHitforthischEpta". but^Buldbeused 
japr^aaianforthisth^ffEndforthebook, 



Creating functions 

crtype cf Ergumcnts aid thecomp 



heprog-an.Vougi* 

— —^rilwithnohintsffi 

[ugsma rEsuiiea IS proDEDiy cnerEaEcn w^^ C waB dubbed a 
"Ngh-le/d assanbly languEga" Pre-Staidard C prolan mH"5|U£t 



hcn protolyphn^ ycu muS uffiadesaiplicn of thelypesof 
naitswhai dedering aid ddining afurcbcn. This 

iptionistiie"prctotypa-Whaithefunctiiinisc£lled,the 
il I g- ussB the prctotypeto ensurethd: the proper a"gum ats 



fuicBonprotdype thea"gumml:ll5tccrtansthelypeBof 
Ergunmt5thdmiJstbepEGeEdtothefixid:ion£nd(cfition£ilyfc)r 
the ded a^on] Idmtifl ffs fcr the ergumats. The orda" aid ly pe of 



S nre the a im pi 1 er doesi t do ar/thi ng b 


utrfied<forb/pffiwhai 


thefundion istdled, theidatifiersa-ec 


inly indudadfcrdaity 






InthefuHliond^riition, n£meG£feraii 


Jiraibaajsethe 


Efgunatsa-errfaHiced insdethefunc 


'" 


IttumsoutttisruleEppliesonlytoCIn 


C++, ai agumat ma/ be 


unn£medinlhea-gLjniatli5tcfthefunc 


ti crdrfmiti en. Since itis 




Dnbod/.oftourEH 


Unraned Ergunfits Eredlcwed lo gv£ 


itheproyaTuna-ama/to 


"resave^aEintheEfgumfitlia." Whi 






thepasm creaingthefmaion caithai 


usethe agjmat i n the 


future without fordng mcxIificSan of cc 


detha csHsthefundJoii 






you lea/ethenameinbutyou mill ^a 


namwingwaning 


message ixxil thevdue lang mused aay tjmeyou compilethe 


functco.ThewaningiBdiminaedifyo 


uraniwelhenane 




ha/eaiar^ agumat list you caide 


daeit£sfun(()inc++. 


w hi di td 1 sthe comjB I a thae ae eiatfy 






anptyajmatliain 


C++. InC itmeais-ailndaaTTiinSenu 


mba of agumats (w hi di 


isa-hole-lnCanceitcisEdEstypecha 






USL The¥oldk^vi'a(d m^ETwItiing' 


inlhscaselitcaislso 


mean "no type" mtheoEeiCpointas ssvoull Eeelaamthis 






Therthacptionfcf agumatliasoaui 


■swhaiyoudontknoA- 


hiwmaiy agjmentscf whatypeof ai 


jjmatsyouwill h*a 







isrEpresatedby dlips6s(_l. During afuidi on m it 
argLjmsitJiEtis^^ficaidy moreonnpllcdedthaii 
regula'function. Vcu caiuseavEri^eErgifnEnt lis 
thatiasafinedsdcf a'gunmts If tfcr same rEEGcn) ■ 
df5atielheHTar(hGd:5cffixid:ianprctatyping Bee 
you^HXjIdreslntrytxjruseof v^£dea"gumaitli5) 



Function return values 

A C-i-i-fixKlicnpratotypemu3g)edfy theraurnvaiuetyperftfn 
funcBondnClfyoulea/eoff theraurnvduetypeit d^ajltBto 
InB. TherdixntypeqjeificaacxiprecedestheftJKticnnameTo 
qiEdtythdnov^ueisr^ymGd. use [he void k^word.Ttiis will 
gavT^e ai arcr If you try to rdixn avduefrom thefixKb en. 
H se Ere some ccmpldefmcli en protdy pes 



m avEJuefrom afuKtion, you usetfierstumdamiEnt. 
adtstfief unctjon bak to tfie pa rt ri^ ^tH thefincti on 
II agimiat tha Ergimient beaxnestherdurr 



Induncdthefir^lfthae/^iMFStotrue 
therdumstdianaiLNoticethdafundion 
necesBEfy becajsethefunction d^inition £f 



Using the C function library 

you£feprog-ammingmC++.V( 

Iibray bd^cre doming your 



ET. lfyouwaTtyau"£ppli 





Idlcokha- 


Sthefundi 


oluedyair 


rodanfor 




thoi^a- 


dd*^^,n 




way am 


IH-Bindud 


alctofertra 




a-etanpUngtousebut 






yojwillns/ 






usethosef 






plicaiontn 


3eport±le 




librayfunctionBlfya 




tjytoiEda 


ethSccdei 


cneEpotEO 


porting to 


airtho-plaf 





headfffllecDnta ring the fundi en praColype DupllcdeUas 
MndudriineinyourfilesothefuncbonisprapalydedGrEd. NaH 
you oi C£il thefunction inthesamew^ it ^peasln the ^ntai 
Eslion. IfyouniEkeaiiiist^etheainpllErvirilldsciveritb/ 
cccnpaingyourfundiancdl tothefundianprrtatypeinlhe 
heaJa" aid tdl you about yajoraTr The II nka"seEr(hesthe 
Sandaiilibray by dd^ault sotha:'s£i1ycuneedtodo;indudethe 
heaJa" file aid <d\ tbefundlon. 

Creating your own libraries with the librarian 

Vou CEfi collal your (hvn fundi cnstogaha" into a li bf ay. M ost 
prog"afnmingpacka^comewilhalibra"iaitha:maiagffi groups 
cfotied: modules EahlitraiaihaBitsObVnommsnds but the 
gavrd Idealsttii? ifyouwEnttacTeSealibray. makeaheGda' 
flleccntariingthefixidKinprotatypesfcfEil the fundi ens myour 
I Ibray. Put thi s heeds' file san^fhae i n tfie prgirocesscf 's seach 
pah atha-lnlhelocsl dirEttay (soit caibefcund hi Mndude 
'header^ cr i ntheindude directory {so it can tiefound ty 
MndudeiiieBdefJ- fJoiv t^esll theob|«t modules aid haid 
than totfiel ibrariai dongwlth a nanefor Ihefinl^ied libray 



KEth^ very from ^^ar 



Controlling execution 

muEtbefanilia-withtheeaSanatslN 



True and false 
















heetfoibon pa:h. An 










loEffiifthev 


aiaUeAisaiuivdatt 


vafi±leB.Thee(pressi 




sBodEsntmeo-felselt 


£f eke/words oriy in C4 
















wa-edmorefiJIylaa-ir 


rfiEpta-. 






INelse 






Then^sestianatca 


leiistintwo 


forms with crwithout 



?npleEta/s ebcxiy cfthewhllflraopurtilyculypethe 



The chfcwhile s diffaat from thew hil e becaise \he st^emat 

f^sethefiratimelnaregjIa-whllBifthecondiHcndisfdEethi 
firatimethestSanatnejH-eieeuteB 

If adHwhllasu^ in Gues&xpp theu. 

needailnitJEJ dummy vdu^snceltlsli 
aaanet bdae it i st^ed: 



Anycfth ap esson mBsl aicn cantbi 
fflrlcxjpsa'eusuEily usEdfcr cxMi^ng tf 



Ycum^ cbceth^lhe 3\Ai I ddineddthepointwhg'eitis 
usEd. inEteeddf dthebe^mngofthetJodcdmctEdbytheopai 
oxly braE'{.TtiisislncDntra5ttotr£diticnd procaJurd 
lan^a^sdiviuclngC), whidirec^lrethdEJI VETiGblfsbeddinEd 
^thetegnningcfthebJoilcThisivillbedsaisedlaiErmttis 

The break and continue keywords 

lngdethebo(i;of any cf thelocpingconaructswhlledo-wllll^or 
for you (Efi ccrtrol theflcm cfthel cop ugng break aid ajntlnus 

thelncp. cnnUnuBstopEtheetetution of thecurrfit itg-aion aid 



braakiBaKointe 
Th nritdiEtaan 



ntfgrd ai ^ cxynp 
sWngdiied: as 5de3 
Eirl gEdett youn 
ccnipa- th dring ns 



B„,., 






ThequltflEgiBabool Ehcrtfor-B«^ffir, 




atypeycxil 


find criy in C++. It caihaiecniythekepniv 




esbiieorfd 


Selecb ng 'q' EaBthequitflagtntnw The 






a/duaal, quit— filBBSurnBfalsBBoth 


bcdyof 


thewhlled 


nrtsEoite 






Using and misusing goto 






The90tol<^wordissuppojtedinC++, sn 




sinC.Usng 




ngslyla 


arimoEtof 


timeitiaAnyameycu use goto look ayn 




ndssif 


tha-e'smotha-w^toilnit Onra-eooES 






goto can solve a prcbl an tha cant be sdu 






conadaito-rfully. HH-e'saieianpleth 


mi ^ make a 


plaisblecmdidae 






;L£HE]r'" '"^^""' '" ' 












fc"!in°'i"-°i, i ! 1»»0, i"l ( 







Recursion 

REajrsonisanlntEr€Sing£ndsom^m€Eusdii pro^anmlng 
tahfic(jemha-*;you cdl IhefuncBcnthSycu'rein. Of misa i 
lfiisl5Eily(Mjda.ycu'll ke^cdllnglhefixKiionyauteln until 
you run cxjt cf msnary. so thEremud besomew^ to "bottom 
cut- thermirauec^l. InthefdloAing eianple ttis " bcUmilng 
cuflBaxDmpllrfiedly amply B^ingthitherGcuracnwrll go 
crJy ixti I the crt accEeds ' Z^' 



InranowtHslOyou 
ranovMaKhill be 



I ntroductlon to operators 

Voucaithinkcf opa"a:crs£Ea^>eo£i lypeof fundi en (y cull leErn 
tha:C-i-+cpaaorwaioadingtredsopa"a:cfspre]BfJy thaw^). 



Frcmyourpra/icusprog^nmingefpEnEnceyau^KXjIdbi 
r€asonEdyccmfort^ewllhtheopEraa5th^h3.rebf9iuB 
fa'.Theccnc^rtsof alditicn(-f).5utlraticnaidun^mini 
miJtpliiaion |r}. itviacnQ), End a537¥iimtU £ll ha/e 
esEatJEJIy thesamemeEning In ar/ prog^mmlng languEge 



3 g'ouping of pa^nthese 



C lat^a^dfs^fTE 



cneutiif IfAiBanintfcreianpletheeipresaon-i-iAis 
eqjiv£laiito(A-AtI.Auto-in(ranataidaitiMle(ranat 
cpaanrsproduffitheuElueofthevaradeaBareGiil. Ifthe 

f I r3 performed and the reaitfngv£iuelsprcx3uced(f the operdiar 
Eppesf B ^a-the«m£ble(i.e A-l-ri. the osralvetue is produced, 
end then Iheoper^cn le psfcrmed. For e<emple 



I ntroductlon to data types 

Datalyps<i^\ netfiewa/ you use^ora^ (man ay) in the 
prog-amsyouwrite By ^Eofyingadaa type you tell the 
compile' hew to tre^eapartiaj!? pi ece of Etcreg^akd^e 

Daatypesc£nbebuilt-inoriElra[t A built-in daa type is 



Basic built-in types 

The aendaiiC^edlicaicnforbiiilt-in types Iwlidic-i-i-inha 
doesit&a^how marry bitseedi of thebuilt-intypesmustointa 

liilt-intypamustbeiiletohdd.WheriamadiineiBbeBedon 
tinery. this mad mum vd ue cat be di redly trend ded into a 
minimum number of bitsnecessay to hddthdvetue H av&a 
amaitineuses fcreiempis binay-coded dedmd (BCDI to 
rqjresent numbers Ihaithe em aunt of ^ace in tfjemaiiine 
reqijred to hddthema<imumnumt)Er5fcreahdda type will I 
diffaHtThemirBmum arwlmaiimumvduesthacaibestorej: 
theverouedialypeBaedd^inedinthe^etem heaiafiles 



ndfloiWldnC-i-i-youwill gaiadly- 



iimumcf 8bits{onet^e)cf stor^e ^though it m^/ be lager. 
lntstoresailnteg"£i numba"aKiuis a minimum cftwot^es 
tor^e Thello*anil doublslypes 3oref I oai n^o nt 

nbcr gjdiy nlEEEflo* g-partfcrmifloatisforsnje- 



Spat cfthep o^andd^res a^iileBof thefourbaa 
tfthcul: nriid ngthem Ifyoudont tidizeavaid) 
rds^ Hi* ts ortHts£feiiidrfned(usu^ly.thBm< 
■ at cf theproyen ddine 



bODi 


true. 


& raise 

Bd portability pr 


(W 


"a 


C-H-booltypec 
mtBtnielwhidi 

itBtoaiirteg-El 
omelaigjEged 



Element 


Usage with baol 


bt. II 1 


produce bool results 


l.*J\, 




Hfor 
while do 


Si"bS"r 



flsg.theampilH-mtlimpliatlyaivatfromailnttoabool 
AnidiomthSfdlsundfr "poor prografYiming style" istheuse of 



prcblan isthSynu'remEkingani 
bodtolntiniranatingthevdui 


mpl 1 ot ty pe muas on f rem 
! (perhaps b^ond the rai^ of 
lend, end thai imphatly 


aitoma C£lli COK 


rtedtoboolw 


llaerinthis(h£pta-)will Elsob 


Specifiers 

Speaf ffs modifj themeaiingscf 
apaid thEm to a mudi 1 ergfr set 


the baac built-in types aid 
Thaeaefourspedfiffs long 


longmddioitmo 

thea es could ton 
bit w crd f firl nsta 


A planintmyabeal^thegzeof a*ort 
jrinteg-EltypEsisshortlnlinHorgintAII 

auEbly bethe ffime £E 1 cng £B the; s*£fy the 

ica dl the daa types might be 61 bits 


Theszehiaadv 


fcrffoaingpoi 


Ttnumbas IS float doublBaii 
eg£l type Thae aeno short 



Be aw Erethd: the results ycu gab/ rum ngttis prog" 3n will 
prab±lybeciffa-atfrcmcnema±m^cpa-ainq 
Hjrdan/ccx[q)ila"tothen9[t ance(£EmaTbcnedpre/iou^y)the 

crJyttiinglhd:mustbeccna3ent isthaeedidifferaTttypehdd 

Whaiyou Ere modifying m intwithdiortcrlcrg the k^wcrdjnt 



I ntroductlon to pointers 

Whaie/fryou run a prolan, it isfirit loadeHtypicEilyfrafndi^) 
into the oimpyter'smancxyrThua eII dHn3isrfv(Xjrpro5"£fn 
aelocdiEdEcinQvhaeinmsnory.MaiKxyrBtvpicdly lad outs 
asqumbai se'iescf maiKiy loc^ionsweusijdly rd^e'tothese 
I oc^ ens £G Q ^-bt ^^ tut alu^ly the 3Z e of €Eiti ^a:s 
dEpEnds en the arfitelure of the parti ai a" ma±ine End is 
usu^ly c^lEdttdmadiine'smT'jyjjzeEeih^EcecaibeuniqjEjy 
dl&lir^i^iedfrom ^1 oth9'^}a::Esb/itsa][iis£F(ythepurposeE 
cf tHsdisojES en. well just s^tli^ Ell macHnES use b/tsEtli^ 
ha.reEeqjEntid Edct^sEESdErting^zs'DEndgsnguptohcwe.rs' 
mudi maiHiry you ha/e inyour computa". 

pro^EfnliveBinmEfncrywhilelt'E bang run, ejEry 



adiff?Ent a'€sthaithev Sri GdEsdd^ined outs decfindnO you'll 
und3a:£ndwf^£EyculeEmmore£bcutthelangjacie AlicfO 

£ppe£r5tobelnitsavna"ea code istypic£ilysq>Grd:ed from dda 
inmanwy. 

Anotha-inta-faingthingtonaeisthSuEfiiilesddinedcneri^ 
^a"the dhff sppsET to be plaal contiguously i n mancfy. Th^ 
sre spaaed ty the numba" of t^estha are required tytherdaa 



fimyoudaineapotnte", ycnimust^edfythetypeofvar^e 
jntsto. V ou Stat out b/ ^v[ng the type nang tfiai indeed of 
imedady gvingaildmlifla"fcrthev£rieb1e ycu s^ "Wat, 
pd rtH"" iff insating a aa bdweai the type and the idaibfia. 
pci ita to ai Int 1 01^ I ikethi s 



', butitonatudly tjeabitdecaving 
5a;-intpanta-aBifitisagn^ediso 
ai Inter Gtha base daalype It'spos 



C s/ita(£ndl^inhGnt£ncaC-i-i-s/nta<) does net dlow £ 
^9Uee<prES]ons Intheddin^lionBatcv^Dnly Ipalsa 
bu Ipb aid IpcEfeordinay Inbfyou cai s^ tha " * bind! 
Iightlytotheidaitifia" ) ConsEquaffly.ltiebeareailsca 
Ednei/fdby usngcrJy oned^imtFonpe'llnsyoudlll gS 
^9Ue9^nt3< m thout the ccrfuaon; 



jGily wcrksbate* Fcf e<anpje thevatij^es^Hvej 
iGJued to 3fi partculErvdue th^ hold gabag& It' 
[ertos^HBnahjnglika 



1. To diafc^"cutadeot]je):3"frcm within afuncb en. Th 

2. To adiis/em£nyotha"deL'a" programming tediniqje 
whictiyoulllea-nixiutmpcitiaisofthereaofthiebi 

Modifying the outside object 

Ordinmly.whHiyoupaEsana-^mattoafuniacnaccpy 
lhd:a"gjmmtlsmaleinadeltiefund:ion. THsisrrfarGdto 
/as-iiv-i'^Le VcucaisGelhe^elcf DGGS-tw-vaiuelnthe 
fdlon 



islnit^izedtj/the prgjmsts tha a"e p. 



Ed b^ ojpymgthevdueof K, whichlsvaified t 
1 But when f(}ls complied, the tan poray ^. 



Whaiycu'rein3defllnistheay(H*Qiarf(myta-mindn^l, aid 
difn^ngthelcx:^ vai^edoEsnot ^editheoutsdeobjEd:, 
naurdly aiou^ ancethe^' a"etwo 5^ad:efocdi ens in borage 



pmnta- 


ccmeinhaidy. Inasmse 
















Cb|9i 


n±li ngthefundiontomn 


difythacutadeobjet 



pdrtH'dunngE^^mEnt.ai 
beEiKKlfled. The cUput 12 



I ntroductlon to C++ references 



unnecfffiay. thd: ycu 
I mportat pi s^es th^ ' 



r proganmlng laiguEgesi 
• rr\3/ bethahef a"e 






InfO^Ergifnsitlia.lnstGEdoFsa^lnglnl^topEGsapoint?, you 
sa/ IntStopaBsarrfB-axa Iradefd if ycu]uS 5a; r (whidi 
maidpradutstheattessif rwffeapoinls")yougd: tfsL'^jj^^fl 



sethel;^ dTett if rrfa-fnc 
is|uafW&mthoughthi 



p£ssd;tti5wi|| be etaninedlaa-inthetioiikl. Thus f» this 
smplelnlroduciion you cai aESjmethd rd^?EncES Ereju^ a 
H^ntacBcdly dffa"atw^(sanfli mes reared to EE'^ntalic 
ajga"" ) to Eomiipl I di the Banethingthi pointers dp ditw 
fundJonB to chen^ outs de cfaf els 

Pointers and references as modifiers 

SofaryouVesEmth baa da typesdiar Intfln^d-ddouh 
alongivththe^ezfier dgned iaid9iedshait,<f~dlong whic 
Erbeusedw ththebas daalypeB ai ostji^ mh ndicn. 
N CM weVe added p nter and d^tfen fethaare rthiigcndto 
thebas daatypes and gjeaf 9" "othepjsatJe en b axis 
ha/ejusttpplel 



-e cneoUia-iypethawcrk wihporta-swollllfvi 
apn ta- savold' tnean thi anj type of add es5, 
Gagnedtotha pcnter (whaess f you haieaiinf yc 
^mlytheadd EESof aiintvai^etothapcintEr) F 



^peitisTMsmeaisthSbrfcreycucEfiu 
c^ it to the ccrrect ty pe 



Thecal OnMvpt^csthevalil'aidtdlstheainpile- to tiEa It £G 
ailnt*. avithusltcaibeajciss^lly ds'dFraKed.youmi^ 
obsffveth^this^Etailsugly, Endltlsbutrt'smcrsethEntha- 
theV(rid*lntradiKESBhdelnthelaigu£^'stype^stan.Thdi^lt 
EJIcw^ or aai prcmotea thetredmait cf onetypeaBaHther 
type lntheB<£mple£ba/e I treSaiintaBaiinHf/caEhngvpto 

doubled whidi would modily a diJfs'fnt anount of storage tEi^ 
had b?^£i locked f or thelntposebJy craving the progan. In 
g€n?Gi, voldpointfrBEhculdbea/odEd, aid UEed cnJy In rae 

until a^ificaidy laa"lnthebock. 

Vnucainctha/eawoldrdH-aiceforreffionsthSwillbeeiplaned 

Scoping 

aidwherelt gasdeGlrcyed{l.e, goes cut of scope). The scope cf a 

d oang bra:E Iha mdihes the d osei cpai ng trace bd^cre the 
valEdewaBdd^inedThdl^ascopelsddinEdby lts"nEere^" sS 
cf bra:£s To I II uslrde 



anpl e above ^Kw sw hen va 



3* th^ ^Ctlt (fsxf)^. A 



a/ai^eonly tnthemnamostsccpa 

Defining variables on the fly 



hwhai darning van £des BomiaiguEges 
esbeddinedbd^areth^areuBedbut C (end 
jnai procedure iaiguages) forces you to dd^ine 
hebegnringdasccpe sothdwhmtfie 



thet>Egnningof theblodireqJreslheproganmfftowntelna 
pEftiaiama^rbecajseof Uielmplanatdjonddalsof the 
lai^e^MoGtpeDpledcnt know ^JthevaiEdEslh^ are gang 
tousebd^oreth^wntethecodeHithejrmustkE^lumpingbak 
tothebegmingiifthebloiktDinsatnavuai^Eswhidiis 
avl™aTlaidcaiseEaTiiisTli6se«afi£dedrfiriitimBdm1 
UHLidly meal mudi to the read 
confuang becajseth^ EppEa 

C-i-i-(nctC)£i[(wsyoutoddinevaiablesafywha"einascope s 
youcaiddineavai^blenghtbd^oreyauuffiit. >naddtEan,ycu 

acGTlandEfiscf ercraD^rHngvaiEdesthflsw^mdcGslhecoi 



far 
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o |ump bak aid forth m itti 

of itsuEaThisisespeodlyi 
gaidinitg£tjzlngavai^ea 
Efiingcfthepnitidizainnvd 
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n£laiddineuai±lesm 
ndwhiWoopsmsdet 

gorMtKfly«ai£blede 
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aV^hffe). Thep intheouter sccpei & inthe SEmeatuai en. 

Thedrfiriitioncf iintheantrnl eipresaoncftheforloopiBan 
example cf bang ableto ddine aval ati esa^ 3: Ihepoi rtyou 
needjt (ycuoidothiscHy inC-H-KThesccpeof listhescopeof 

aidre-uffiiinlhenartfijrlcxip.Thisisacofi/aiiertatd 
commcfiJy-uffd idiom In C-i-*i listhedEracnameforaloop 
ax]nta"aidyaudantha/etoke^i[vailingnav nameE 







vaiileEdrfin 


id within wHIfl 


If, a 


Ti en thai those i n for a<preH 


ons poEsbly b 


stajsethes/ntai 



U'hasahi^ie'prECfdmc 



wMIe H.and swftthaaanmtBaBbangthH-efor complSaiess 

drfinitionisinaforlocphvha-eyajlluseitquiteoftm). 



spsclfying storage allocation 



Global variables 








Globd uaiEfclES 


£fed*ned 


Dutsdedl function b 


lies 






Ertscf theproyan ta/sicxxlein 




led. 






w^ 




6.e, the! if dime 


rfa^cbdv 


ai*lel£^i»tilllie 


jrtwan aid 




globdvai 




ngthe 






ethed^isa^alEbl 


eforL 


selvt 




saiaanp 


ecf theuseof ^ob^ 







G lilbd.q)p and th^ E£mev?i£bleis a:rfssEd by thecodei n 
GlobJzi^Sncetheixxie in Glc*sl2jppB compiled BqiarSdy 
fromtheradein G lob J.q)p thieccmpila- must be informed tha 



Whmyouruntheprcgrem.ycu'llseethaithecdltofimdld 
indeed ^ect the s n^ e^ Gb^ I nst^ice Gf ^oba 






hiBEa/sthatocreaethefirdprog-Efn.theobjeafilewiththe 
nameGI(tal2muabelinl<edin(thH-eisnoe(taigi!(ibe(ajsethe 
ertmaonnanfscf object files diffa- from one s/stan to thenertl. 
InGliibalZqipthefirstlinehasaKitha-^easI ccmmattagCl 



ile^mnt.Snjc^iM.ca. 



Local variables 

comeirtobangwhaitheEcopeisaita-a 
^fa^rwhailheaDpedosGEThek^wort 







ofro 


iatv 






veriadecaibededa^edi 

variEdeaBafcmialEfgur 


EEsofarftfstovariGttf 
>nlywithmal!lod;(you 
afiadesl.YnucEfi, h™e 




cptimiza-, snceitwillpn 


try to 
DbEbly 
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IS 


ssthecompila-'B 


Static 












ThertaackepWordhaBs 


a^a 


bwic 


llSEpp 


snings 




funcb ai stcpe Whai ya 


JfElltl 


lefur 




agan, 


aora^fcftl 



It throughout Ihel if e of a prt^ram, you 
variEdeto besWlcaid gveit ai iniHe 
Is perfcfmed crJy Ihefirsltimethe 



mplaoftheuffiufsWici/aii 



theke^wcrd iMtcisnot used, 
he Esnnd meeri ng of sUto b n 



iffiWhaisWicis£ 
ieortoa«ma:lettiaisoutHdeaf^lfund 
ieiBuna^al±leaitadecftHsfile-Thefi. 
■is[acd totheflle meEa; it hasif/esij^B A 



d li nkl ng Ihef oil cwing two files will 



fdlwvingfilethelinka-wontfmditbe 




&plm*cnwillbedela;ai until you le 


deadaaThiB 


extern 




danonaraed.lttdlsthecciTipila-thS 


*y datribad aid 

v£fi±leor afunaian 


etists. aien if the compila" hEsityS: sa 
bangom^iled. TMsvarieblecrfurKtio 


3iitinthefileairraidy 
(1 m^ bedrfined in 



Wh9ithecxxiipil9'9K0U[t£rBthedEd£r^i4in ectonlntl, it 
knowsthatheddinrticnfarlmua en^somedvhfrea&aglcba 
vaiEde WhaithecDm(Bla-reaiiEstheil*nitinn cf i no aha 
dEda^cnisvistJ^siitknavsEthaBfoundthesaneldEda'' 
ealia-inlhefilelfyouwH-etod^meiEBsWie you would be 
tdllngtheranipils'thdllsdd^ined^Gb^ly {vlathestorrt. bi 
dsohEsfileaifielvial^estdld. sd the com pi I a- will geiFrae 



fia/iorcf C aid C ++ prolans y cur 
nen&eutingprQgran, aiidailifie" 
)e I n manofy thd: hoi d& a V Gfi ad e Cf 

idy. Llnk^edeBtnbeBthiBEtcrageaBl 
retwolypsBcf linkage i/jteTja'/^/j^ 



idat fiercfiJy for thefllebang compiled. Otha"flleBm^u5ethi 

aid no ccfflidBwill befcundtythelinker-Bqja^e^orageis 
(reaed fcf eah idaiBfiff. Intand linkage isspeofledty the 
k^wcrdd^cmC aidC-i-+. 



r^resBit 


™"« 


ia-for^lfil 


esbeng ampil ed. Theacrege is 


acTE^ Glcid «mi 


sdesaidfimdJonnanEshaieartanEl linke^ 
ram othEf files Wdedmnq than mith the 


eicFptiond'ciinEti' 


lileBdrfir 


led cutadedl fundi mslwith the 


idatifiH- 


inl(£geVau(£n^EalicdlyfcrcethantohaieirtH-nal 
tiaseitariElllrto^b/ddHBngitwfthlheorttm 


necss5a> 


■inc. but 1 


tiBsan^rr 


1 es netessay for const 1 n C ++. 


AutomSc (locdl u£ri£dES a<i5t only temparaily. on the Sak. 
wlileafuKtion i s be ngcd led. The links- doemt Imcw about 



EvaywhereyouusedPl.thevGiue31415eweesubsbtiJtedtyth 

Whaiycxiusethepr^roceBsortotreaeoinstaitsyouplaE 
ccrtrol ofthoseconaertsoutadethescopeofthea/npila-. No 
lypedieddnglspHfcfmedcnthenenePlaidyoucaittGkethi 
edctefficf PI(s3ycucaitpaB5apdnta-orar^eraKetoPI). PI 
cennotbeavaiedecf auEa--d dined type The meEningcf PI lee 
fromthepointltisddinedtotheffidof thefilethepreprocesscf 



typebuilt-moruser-dd^ined, m^bed^in 
Vcu must ^eafy the type of aconst I ikett 
a"gLflnHitlF5L a/3T if thea"gumaTlit fills ii 



yt.soifyoud*neiTKifeaimiineoon**r|thttiesamenamemtivo 
dPffa-ErtfiieslorputltiedrfiriitioninahEada-filej.thelinka-will 
ga^ETdearor messagES about ccnillcts Thelntmded use of const 
jnC jsquitetJCferatfrcfnltBirtEndeduselnC-H-dn^Hift it's 

Constant values 

In C++, amnrtmustdwa^sha/eailnitdizSonvdueOnCltiis 
IS not true). Constant vduesfcrbyi It-intypes are eipessed as 
deomai, odd, haadeamd, crfloamg-pointnumbffs{saJly, 
binary numbaswffe not conadaed Important), cr ae charalas 



I n thed>SHice cf at/ otha" dues 



l^edecimEi patntaidtheQa^cfjticnd.lfycuass^acDnSEntto 
aflo^ng-pciitvEri^e theccmpila'will teethe constat: VEJue 
aidcDntfatittoafloding-paintnimiba"(ttiisprocessisonefarrn 
cfwhd:'sc£iledf/f^;b"f5^eoTfl'ffscn).H(w&a". itlsag^Ddldea 

areuangafloajng-part numba"; some ddffcomj^Easd 50 need 
the tint. 

LegtmSeflo^ng-point conaat values £fe lei LOOCO. 47.CI aci 



volatile 

Wha-fEsthe qualifier corsKdls the c 
Iwhichallcwsthecompila-tnpaforr 
qual I f I er volaUlael I B thie ccm pi I a- ■ V 



aitheaebilitycfthSua 



axJe"lslnamiiti1tre£dedprogran. If ycu'rewdid 
p£rtiaJa"flagtha ismodified by aK)tha"thrffid or 
i]£g ^ciid bevoldtllABO theompi Ifr do^mt m^E 



The corstmdvolailek^wnrdB will befurth 

Operators and their use 



producEd without modifying the cpa^id^ eic^withthe 

thdimodHytharopffaidsistogaiaaelhegdedfed:, tutyou 
Bhcijldk6^inmindthd:thevdue(H-oducEdiBa/al*leforyoL 
yse|u9£sinope-aa(5vilthoutsdedf(cts 

Assignment 

As3^¥naitJsp3fcfmedwiththeoperd:or» It meaB'Tak^tl" 
ri^-haidHde{(rftmc£iledthen'a'[^aKia)py It ntotheld^ 
haidade(aftencdlGdttffi/i'a'jj^.''Ann/£iueisa^con5tafit 



Mathematical operators 

inmostprogranmjngJGnguGgES a:3dll:lontH 
dh/iHon I/I mijtjplit^m l«l, end modulus' 
ranands'frcmlntegEr division). Integer dn 
rsEiit (it doesil: round). The modulus cpa^ 
wlthfla^ng-point nifnb?s 



lived b; cr equel agn. and iscn 
ielafcgja^(whena/er]t m^es 

! acanpl G ^KVivsthe use cf the n 













inglhem 








the code fd low 


ingthei 


osngparatheaa 




pr^ocessor rann/es Iher 




PRINT 








ewha^e/a^them 








jilercEm 




ay 




gngthem 










typ 
















wninthedetug: 


r^metro! 
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heaidcfthcdi^tff 





Relational operators 

ReJaionai opa"a:cfset±Jishar^aiondiipbdweaithevd(tfsd 
the operands Th^ produce e Bodesn t^eciflEd with the booi 
k^wcrdinC-i-+]tnjeif therd^cn^piBlTueaKifdseif the 
r^^onEhiplsfalEeTherd^cn^ cpa^DTsa'e leBsttiai(^, 
7f^9'thai{>).lEssth£nor€qu^ tD(o4, ^e^a'thGT or eqjGJ tc 
(>i^€c^iv^mt1^, Gndnot Equiv^sit(M. Th^md^beused 
withal built-in diatypeB in C aid C-I-+. Th^ ma^ begvas 
spEdd ddiriitiansfcru5a"-ddineddaatypesinC-i-i-{ycu'H [ean 



Logical operators 

Thelogicd cf>a^ors3!dltiSi)a\ 

inCandC++, aaaanaitiBtniei 
falseifithasavduecfza-nlfyo 
alfwtnieaid'O'fcrfelse 



satnworfrise 

ju'll typically see 
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ffa-atfr 
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Btilltrue 










Bitwise operaton 




Item ail pulaeinc 


huiduEl b 








UESusea^EQElir 






thehtwifficpa^orsw 




withintegsltvpE 


sdioilntaic 


lon*B,hv,5eopa-acr 
cojrE^ionilmg bits i n tt 


lesqum 


ieoalcm^g*ra. 
aitsto produce th 


e result 




The Htm 1 seas/cpa^i 


irlS)pri 


Jducesacneinthi 


! output b. 


tif 


both input bits £fe one 










cpa^i>r(| IprodiiCESi 
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cne End produces aza 


o only if 


both input bits £f£ 








~r(-lpn 




soutputbi 




crtheuthff input bit is 








cdl Ed ti^tj)sair^sn' 




tori isauncfy ope 


rSor-itc 


mly 


t^es one a-gimmt (^ 1 


olhabii 




sbinav 




cpa^iTs). at* isentT produce 


ilheoppoHtecfth 


einpiibit 




cne if the input bit [szi 


IB, azai 


Jiftheinputbitis 


one 




BitwisecpaSorstanb 


lecomhr 


led with the-sgi 




Te 


cpaaion aid asagnmat: ir^ | 


l^aid'-aestn 


^egtimae 








jaSoritcamotbc 






the -3^1. 











shift operators 

The shift opa-a:ors£lsomenipulaebitsTheldt-*iftapaaiir(««) 

producestheopa-Efidtothelrft cf the nperaor lifted to thel^ 
b/theraimbH-of bits^eafiedrfta-thecpaaor.Ther^-^ft 
cpaaBT {>ri producestheopaakd to the 1^ of theoperacf 

cpadBT. Ifthev£iuedta"the^ftcpffd:ansgred:e"th£nthe 
number of bits In Iheldt-haidcpaaid the result 15 und^nedlf 
lheldt-ha)dcp?sndlsun3^ieclthen^^ftlsalogcd ^ftso 
thei^perhctswillbefilledwithzaislflhetdt-haidapsaidiB 
Hgied.lheri^*iftma;orm^notbealo9cddiift(tiia:lsthe 
bdia'ior ismddinGd). 
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maid (50 you 11 see 
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Tiy usngthE&efunciionsinBltwIa^qipNotKsthed^initiaiv 
a]F£SdedaraionB)arnil()aKln](l)mu5tbeEEmbf'the 

iDmpila-inBltwi«<p|*rfcrethefunaions£feu£ed 

becaiselh^trandaediratiy intoaBsanbly l£nguage5ta<jne 
Somaimesasn^eC crC-H-staanaTtwill gaieraeaan^eli 
cfasanblycode 

Unary operators 

BilwlsejTofi3itlheonly cperdcrthitdiesaHn^eagumaTL 
compaicn. the/i^fo'nDf IB, will tdceatnievdueaid produc 
fals^^ue The unay minus (-) End ixiEiy pi ubC+J ^ethesarr 
opaaosaBbinay mlnus£ndidua1hecompila"flgureBoutw 
usE^lslrftaidedb/ the w^ you write the eipreBa en. For 

I . - -., 
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rthfr then those i raolui i 


igasac 






iaderffettsThe: 
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ise^aiEllytnjewithpi 
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The last unefy opa^nrE 
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darfa-aicel'aii 










Kldelet«nC++. 
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thisdi^a-. Casting ISC 


lestribed ISer i 


nthiBchepta-, endrwwa 


ddttBEfeintrcducedm 


Ch^a-4 






The ternary operator 










USU^bl 








truly an cpaaorliaajE 






iv^ue ui 


iliketheofdmefy 




istsoft 






. ifthefira 


9ipresacn ffojlcwed b/ 






:otni8th 




f d 1 ojv 1 ng the 7 1 s 9/£lu£ 


ted aid 




estheudue 


produced b/ theopErai 










9<presacn(fdloivingal 








vd ue produisd li/ the a 
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Theccnditjcnd cpa^Br cet be 


■usaif( 


jfitsadf 


^rffstBcrforthe 


«d ue it produces HaE' 


saoadE 


ifrcgmi 


Efitthad 





.Bupafluous sncethevdueprcducod tythe 



itheoDderunabitfaBtff. 



rhe comma operator 

The comma isnot reOnaed to 5^ 
mijltipJedd^inil]cn£ sjctiaB 



Common pitfalls when using operators 

trying to gdSdV^ without pa"aitheseBwhenyoja"e&ail 



zs'oIhevaiEdeaisaBa^edtathevGlueof t^ Gndtttev^ueoTb 
is^siproducEdt^thec^s^oTB ingsig'^.youw^nttoiJEethe 

Era^YnaiLTTiisonefcrtesalotaf pro^anmH"5(hcw&a". some 

logcd axjntapGftaBitwi5eaTi'aKitruEecneoflhe(ha£d:e"s(& 
3id^ It'sea^toju5llypeonediarala"m5te9lcftwo A usdiil 
need asmay diaal9"sinttHropa"aors" 

Casting operators 

ccmpila'will aXom^c^ry diangecnetypecf daiaii^oaxKhs'if 
itmEkesssise FcrinstaK^lf yauaBagnEnirtEgrd v^uetoa 
no^ng-pditvEri£de theccmpllerwjll SGjraly cdl afunctiontor 
moreprobiily.insErt(ode)toco™atthelnttnafloalCaBang 



ail(wsyoutomakettiistypetcfwa"3one(plldt, cr to force i 
itwouldnt nofmdly happen. 

Topaformaoa, put the des red dda type (indudingdl 



CeElinglspcwvsfii, but it cai cause heaJai^ES bee 
insterc^ta"gerthanit really IS 50 It will occupy mi 
mhai casting pointers not when mdimg ample cep 



C++ explicit casts 

CaBts ^toul d beuEed c^rdiilly. be::£ijsewhdycu a^Edu^ly 
da ng issuing to the canpllff'Tcrgd: type dieking-tred: It £E 
lhisotha"^peinsteed."Tha:i^you'reintroduangatHileinthe 
C-H-type^stGfn andpFS/a^lngtE«c(xnpila"fTantdHngy(XJttid: 
ya(iV"edafngscxn^!iingwrcngwllJialypeWtid:'5 worse the 
ccfnpllffbdie/esyaulmpliotJy aiddoegitpafarmaT/ctfia" 
dtddng to cdidiarorsOnceycu slat tasbng you open ycursdf 
up for dl kinds cf problans I n f al. a^ prog^n th^ uses afot of 
ca^dwuldtievieAEdwIthEu^loon, nom^a'tinv mLjdiyau 
a^etddltsmply-must-bedmetti^w^. In gawd, casts ^oiJd 
befov EndlsdaedtotheaduBoncfvay ^eificprodana 

Onceycui]ndaa:^dthisasda"epreBGntedwithabug^ 
prog^n. yourfira indinaion fn^ be to lock tor casts eg ojlpnts 
But hem doya(jloca:eC-stylec£fls?Th^a"esjmplytypen£fnes 

inadecf parathesfa and ifyouaaft hunting fcr such thir^ycu'll 
di SGwe" tha it's often hard to disbngui^thefn from tt*e rest cf 



compla:dy r^iazethedd C -style casts (of cot 

cannot be outlajved without brewing ode bL 
could eaaly fl ^ old-style catts for you). The e 
Hjditha you can eaaly find than, asyou can 





For-wdl-beha/ed-^d 
-reeeondily wdl-b^ia/ed" casts 
Inducing ttingsyou might new 

autccnai c ly pe tarusa cnl 


OHHt.Cad 


UDldlla 


rdrttrprtt.cart 


Tocffittoaamiplidyciffa-at 
mtaiinci Theke; Istha you1l 



or 1y pes^e dov ncGEling (tfis 



^mpla-. 



Id^liwyc 



dd^ed until Ch^s'. 



in/H-Honsc(va-edb^aaac_caE»ndud 
ijons nErrowingdrfarmdicffvloang) 
conv?dcnfrcm avoid*. ImpI lot type 
: ns/ig^on cf dasshifra'diiES (sntsyo 
id tnhsitaiceydthislEa topic will be 



iseBWic_<)aBttohi^i^th( 

ISabecaiffiaiinHsnoti 
ddrunbascf the sane 
nwa-soTS. The ccmpi I a- m 
ouawannjVcucaieli 
ou redly ddmEEn It usr 

isa^ngfromavii)d*isr 



ig ramEfiinttoalong 
Endwa/sholda/av 

ta n. Although it's unnejisssafy, you cen 



SeiEcn(4)oflhepro^a[i di(wstheknd5cf mpl ttype 
axTje"acrsthaa"enormdly pfffcfmedajtomdi dly tythe 
a)mplle".TheBea"eajtoma:icanJ equ eno atnqbut^gan 
staac_ta5»iighligrtstheaacninc£Bc cuwatt mat-otdEer 



aconsttnancnoMistDrfromavoldlle 



yout^etheadd EEsof acaratcfafsl yi 
con* aidttiscaina: bi 
CE^Thecidsly ecaSw 

ralntsrprtt cast 

ThiBistheleaa"srfecftt 
llkdytoproducebyg^ A re 

wereai HitireJy diffffenttypeof objel. Tl 



inbaegabagefltiis sdicwnuHngthepijntOfuncBcntodr^l^ 
theoaitEitscfthestniceTo nitiEl ethai headdrEEScftheXiB 
t^aiGndcasttoGnlntpoint? wNdi sthaiw^kedthrou^the 
Err^ to Ed €Eih Intto ErcLNobcehcwvlhei^pErtxxjndforlis 



sizeof an operator by Itself 

Th draof ipa-aa-qand ^aybsai-etsa.^ i 
eed dienlg ESicu f m aonabouttheano 

tdl youthenumberrfb/tesusedly aiy pjtcul 



3on Ihedzeof any tyf 3f dia'tsl^ied laislTiedDr 
iw^ cne egCT"dles5cfwhahH"lhe ndaiy gBtcf^g 
" aJudlyon b^taFordl ithertypesth esult Ihe 



iifyoj apply It toaua-iEbleycu 



Ttie asm keyword 



you can eaaly cafnmsffiicdewithyaff C-i-+<iideaid1in 
Efiffimbly codetotfid: naEssay fcr ^idGnty tuning or 1 
^Hjai procascf inductions Thee<£d:s/ntathd you 
whaiwritingthe assanbly 1 aigusge I s compl t a"-d^3ic 



Explicit operators 

Thfffiarek^wordsfor bitwise aid I agicEi operdiors Ncn 
pro^anmaswlthcutlc^bo3"dihaale"slike&, | , *, aii 
ma"efor<HdtouseC'shorntJe07^^:VH.wHdiwH"enot a 
anno/ingtolype but cbscurewhenreaJing This isrtpan 
C-M-withadditicnd k^words 



Ksyword 


Meaning 


Old 


Iiti0og\td3x/I 


a- 


1 1 (logcEl cri 


not 


Klogc^NOT) 


rwt.eq 


l-Oogcdnct-equiv^mt) 


bitaid 


t, (bitwiseaid 


md.eq 


t-(bitwi£eairfeEagnmaitl 


bitor 


1 (bitwise^-) 


or.eq 


l-lbitivisenr-aBagnmEntl 


xor 


-(bitwise a duaue-cfl 



Keyword 


Meaning 


Kor_eq 


^'^^r'"" 


compl 


-((-mescnmpl email 



nem^vTa'^p'^ P^is^rnpy " lasanane oar 

Aliasing names with typedef 

ThiBki^viicfdpromiseEmcfethenitdflivastypedefsuggEas 
"typeddinitcn"when"£il£e" would prcb^dy ha/ebeaiamcr* 
aaurdiedeBcription, sncelhdi'&whait reeily doe^The^ntadi 



nnnly-used typedrf 



N OH if you s^ ulonglhe ccmpila- ktxMstti^you mF£n unslvi 
long You mi ^ think th^lJbs catJd ee e£s!y beaixcmpli^ed 

wh(rfi1hecanipila"mustbe*bfa"ethayauYetreajnganame£e 
itwfreatypesolypedtds esseiti d . 






jusealypedi 



thiEfidya-eirftypeiiil* 



diuctdeda-a on mL 






on.lniiid 


11 






aaidsZ 


Eatiofths 


eha 


iwns^aaeva^o 


ns^Cl 


.siddso 


slmdKIr 




pBrfccmplady nd^arfert 




of 


atswttinaorsZ 




;, ^ntai 




nfr 


cuBcti^H-whaiu 


ngC-H- 


dasBobiett 


-anceda 


ESS 


edfrom stnicb thii 




ha^nt* 







Pointers and stnicts 

In the etanples aba/a dl the struct a"emanipul 
Htwe/a". like any piece of Btcf age you can take t 
s(iudDbie:t (eg sesi in SclfRaf erentlel.q)|Ebiu< 
danats of a palJailEf Btrodotjat ycu use a '.'. 

an eJemat of tha otqect usng a dlffaait (^adD 
an sample 



Fffait cb|ecta this 
nmmaaByouwill 

mt stnicb butyou 



Clarifying programs with enum 



tha-Eb;gvingi 



give It ty asa^ingthHTi 



intfgrEl values). ThededEf a:ion cf En enum locks gmilErto a 
BiruttdadEfaion. 



diqieisavai^ecftheShiptfryp^nunErdedddBtyp^ai 



YcudiojIdbeavarethatheeiGmpleaboveof SdVitchingonlype 
turns outtobeaprodemdicw^ to progran. C-M-haeamudi 
bata"w^ to code this soft of thing the eiplaidicn of whidi must 
bed^^ed until mudilaa"inthebock. 



will usethene^t \iteijd ve 



Type checking for enum eratlons 

C "5 mumeraionB a"efarly primitive amply ^Esooding Inte^ 
v^ueswithnanea butth^pr(wldenolype<hecking.lnC-i-+. a& 
yajma^ha/eaxnetoe<pe3t^n»v, theccnc^t cf typeis 
fundanatd.aidttiBistiuemithaMjma^iiKWhaiynucreSe 
a naned avms^crL you df edivdy crE^eanSdV typejuEt aByou 
do with ad E^ The name of your enumaaicn bexmES a resaved 
mcrdforthaduraicnafthatraidScnuniL 



cfthEmillEgd. Fira.thevduecftheETii 
frcm amlorto an inl tJiaitheuEluels i 

di Bti net type aid not eqjlvalfit to ai Ir 



13agthislnha"atly dangertMi 



ireaeartnKtcontanmg dl t 
needtoaofeoryoucaiuse. 
intoasnje^)asJtfigLa-ES( 



Ar^meyou plasavduemaunion thevs 
thesaneptais^lhebEgnnlngcfthemlon 

of holding aiy dtheunlonvEfiableaAII thi 
unlonvEf idil esa-ethesane (in adess or tli 



Efewhd dfst It has on the 9ze cf the union ^J oticetha: it makes 
nosaisetodeda"emarethaionein3aiceof aan^edaaJypeina 
unlcfllmlEsyau'rejustdaingittouEeadifFErmt nane). 



:ra ^vnst arcrd ng to the 



dump alotofua-iEblestogdha-.cnenght berths. 






Arr^aissise[trHndyfaBLHawB/a", if yQuinde(p£fl:thea>d 
cfthear^, therels no Bd^dyna- you'll st^onolhervGriEblffi 
The dha" dravbak jsthi you must ddinetheaze cf the avaj a 
ccmpiletime ifyouwEnttodiaigetheazearuntimeyQucait 
doltuviththe^nta^ ^cve(C] doesha'eawa^tocrfaeaiar^ 
dynanicdly, butit'sa^fiiEftly mesaa-).TheC++vector 

sJution if your ar^ azecamot bekncwn d ccmpiletme 
VcuiEnmdteEfiEfr^cf ai^type a/aiofsftlKte 



Is indEpatdEnt erf theforlocp' 
'a/ 1 5 contiguous with the ned: 



Pointers and arrays 

Theidatififfcf aiara^risixiJiketheidatifiersfarcrdinay 
vaiEdES ForcnettiingGnar^ldEntifls'lsnctailvEiusycxi 
cannot asa^ to It. It's redly just a hock Into ttes^uEretxaicd 
s^ntacaidwhrnyoj^vethenanecf aiara^. wIttwutsiUEre 
brakes wh^ you ^IstheSErting Edct'esscf the ara^: 



Eira/ daibf fftt 



Bfmthoi^tiBKlOandfiBicXIdEcla^etharergjinEi 

scene dhe- issuesthdttvs eianp^e re./F£la arafscatn 
pESEdt^v^u^, Ihdiaycunei/e'EiJtcm^c^ily g^al 
cf the EfT^tha you pass irtoafundiafiTHiamhaiyc 
£nar^, youtedw^s mcxJifyrng the cuts deot^ecLTh 
tit ccrAisng aflrst.lfyou're expecting the paBsty-vdi 
pra/lded wrth ocdlnay agumatfs. 



YcullncUcethSpilnlOusesthesquef&bretkets/nt 
argjmHits Even thoj^ the pointer ^ntai and these 
^ntai aredfejlivdy the Banewhenpeeang ayah's a 



EonotelhdthedzflagummtrB passed I nea 



Arr^scanbed^ar^type indudir^ar^eof partes In i 
whmyouwEnttopass ccmmaid-l I ne agummts I ntoyoui 
proyan. C endC-H-ha/ea^edd agumat list for main 
wHdiloakslikettiis 



ccmmEnd line istumed into as^>aae ara/ agum€ 

fdlowingpro^an prints out ail its com maid -line a 
S^ipi ng tivcu^ the ar^: 



It aso adds cnemaretothp ava/ of program Ergumat^ 
axnmcnercfwhHifddingcommaid I neargunentBit 
arspjUa^haiyou wat argvD] 

Vcu are nO: forced to use »gcaid»g»£Bida*fia-s mm 
Uiosetdafflf asaeaiilvaiiwaiticnslbutitmllarfusei 
you donl usethan) AlEa.thEreisEnEitan^ew^tDde 



deda-ed in «cstdl!b> TfiesmpI est ones to use EfeiolO *)!(), 
aid aof[)tocco/at£n ASCII diaataara, toaijnt Icrftaid 
doubleflo^ng-pointv^ue re^ed:vdy Hae'BsnaiGmpleusnci 
tfoKiOheclhatwofiiidonsaecElledthesanewa/): 



Inthjsprogan ycucanputai^ numba' 
skip (va the prog^an nane a sr^rECO Al 













a-inth 


diEpta-i 


h^dyfcrddving 












qrfthese 


sthefloam^ontfa 












vay sndl vdues 
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ebitsin 


decffloa 


aiddoubteared 




hreeregcrs 


(heap 














ncta an Thefolla 


rung prog 


amEllcwByo. 


topla; 


srcundi^ 



no^ng-pciitfcnn^ (usui 



First theprogan guaraiteesthdycuVagvai it ai agunrnt bj 

diekingthevdue cf age whi di istwo if thae's a ant^esgjmst 
&t sere fthffearenoargjmails ancettieproyannaneis 
dw^sthefirddanatof ary). If l^sfal^amess^geispnntGd 
aid the Sl£nda-|t C LihrayfundionadtOist^ledtoterminae 

comatsthediaaaerstoadoublBusngatofDThmthedoubleiB 
treSed £G at ara^ cf tyteBbytdiingtheaddreBsaidcatingitto 
31 unsized th»*Eadi of tfieseb/tes 1 5 passed to prlntBlnay( ] 



diffafnt Eoyoumi^waittoreaTaigethew^ttiingsa 








nctlnvid to jndaaEfid; fcr aanpla theaponat aid ma 


iHssa 








into the 


manciy astigftly sepofflblaTotnjty see mfia's gang an, 




needtofindcutlhegzecf E£dipatofthenumba(g^hb 






azesl 


aid prat out the bits in ea* pat s^aady. 




Pointer ailthmetic 




If Ellyouaidddowithapcintathapointsaaiara^ istr 




if itwaeaiEliEsforthaara;. pontasintoara/swouldn 








snceth^caibamodifiadtopontEcmavha-edselbutfar 




ttiaara^idaiiiflH-cainct be modified to pa ntsomavhfrai 


iset. 


Pan^-avflnrrtcrrfastothaspplicaicnofsaviecftheaitf 


imaic 



Wha'slnta^:ingha"elstha:ej9ithou^theoperdicn+4 
appEETStobethesanecpaaicnfor bOh theiiit>endthed(iutl 
you cai Beethd thepdnterhaBbeai chaiged cdly 4bj'tesfarti 
InP but GtyteGforthedoublat Not cdnadetdiy. these £reth 
BZffi of intEfid dnillflcn n^ machine AndthS'sthetrd! of 
pdrlGraithm^c the ccmpH a" figures cut then^ETn cunt to 
dcngethe pointa"H)thd: It's pointing to tfiened: dement in th 
ar^(poirteraitfim^cisonly meaiingful wltfiinerr^s}.Tfiii 
e/aiwcrkswith ar^s cf stnirt! 



Pciits'aithmd EJsowcrk wThtheoperd:or5^+,£nd^butthe 

bdwE9ithetw pel ? Hmejs cu c^n Edd cr sjbtral an 
itejd dueaviapai ? Het eh e<EmpledQnandr^ingthe 
use cf pant? aitfm^ 



edire c^ 1 ed siringizmg 6 mpl anated wit 


the'*' g^ brforea 










rirted, folliwat b/ a colon, fd laved b/ 1 









Althou^pte-andpoSfiKva-aonsof-H-aid-a-evelidwit 
pointas only the prdnn vera onsae used in this 91 ample be 
th^aeappiiedbd^orethepointasaeda^aaKedinthe 
atpresaonsiiwasothe/dloivustoEEethedTeaBcfthe 
cpa^ons ^Jotethdonly integral veiuesa'e bang added a 
sjbtraled; if two pdnterswae combined thi &w^ thecomf 



adiuaedtopdnttnthe-n^plete"! 


iasaionthesizeofthe 


demats bang parted to. 




IfpontH-arithmaicEfflnsabito/av, 


hdmingafirstdortft 






than with[l aid Ihemcstsophiaica. 


aipointaaittYnaicyc 


usjdlyneedis++aid- Portfr mth 


maicisgHiaEllyre£a\, 












Debugging hints 




lnaiidedai^ircnmat.youh*em. 


*(dlatd*ugga*al 


thS ™ly m^esthe b^wi a of your 




caicfjiddy diEoi/H- arcrs H»vs/a, 


moad*uggashajebl 


^rtaaidthesewill ra]iireycutnan 


bat radeaippas inyo 


prolan to hdpynuundaaEfidwiia 


■sgDingctt In addition, 


m^ be da/doping in £n avironmat 


(gjchEsaianbeddat 




naiueyeaslthahssnt 


dEtugger a/aldJe aid patEpsvay 


limitalfeaibakd.aat 


lineLED d^a/). In these cases you b 




you dsccva aid dr^l^ iff cf m*cn . 


ixxittheeiecutionofy 


prolan. TM s secB en suggsSs ame t( 


sthniqjEsfordongttiis 






If you had-wired*u^ng code into, 


aprog-an.youcairun 



bugsdffiojlttoisolaaWhaiycultiinkyouVefoundthebugyou 
aat tecrng out debug^ng OKle only to Jindyou need to put It 
bade In Egan. You caiajlvelhese prod answith two types cf 
De^ pr^rotsssordEtug^ngflEgsaid runtime ddu^ngflags. 



Byuangtheprt, 
(prd^a£dyinahE£de'file).youc£ntfS 
S^anEntaidconditicndly IndudedfbL 
l^nk yoir ddxj^ng Isflrii^ied, ycu c^r 
flsglsl End thecodewill aAomdcdly bi 



Ttisfor daxj^i ng fl aqs ba 

slingui^iedfrom vsridjl esl 



*undaffla^friiintheainpilErainmaidlina Eoycxicaire- 
ccmpllecxM^Gfxf In^d^xi^ngirform^icnwrthasn^e 

a)mmaid(pr^ffdjly viathemaktfile atod thawill bedesoibed 
dicftly). Ched<yourloc£i documaitdicn fordaala 

Runtime debugging flags 

InHBneatuaicnBiEismorecarwaiJHittotumddjug^ngfl^scn 
Efiddf dunngproysfn aiecution, e^eadlytys^ing than when 
theprogran stErtBup uangUieaimmaid line Large prolan Bare 
tedi ous to remmpi I e Ju^ to tnsat d^xjggi ng code 

Totumddug^ngcodecnaidcfr^nanicsily. CEdeboolfl^? 





sto ^1 cw you totun the ddu^ ng f1 ag en 






rafjiresthSfull wori 


iaelypedin, nctjustlfflas(ycuiHi 






cpBcndlybeusdtn 


m d*u^ ng en S statyp - this £f grniHt 


caiEppea-aiyplasi 


thecccnmTid lins ancetheSati^ ccxiein 




a-gjmata ThetesBngiscfiitesmpJe 



» I ook f or -dtbugrti 



Turning variables and expressions Into st 

WhaiwnlingdetRjggngaKle it is tedi cub to write print 
9<pres9cn5ccn9sbTigorach7acte'ErT^contaringtheva 
nanafclliwedb^tfieuEfidileFcttunSdy Staida-dC md 
^hes^ng/zscps^QT f mhidtwa5Uffdea1ie"inttiisdi£pl 
Whaiyouputa#bdcre£n£fguma*inapr^xBceffiorma: 
pr^x"(XESsor timsthd: sgjtnat i nto a dtaala" ar^. TJn i 
ccmbinedwith Ihefactthd: diErata" ara^rswith no Intavs 
punctiMicna'ecxxKdsidsdintDaan^echErala'ara^. d 
youtomdieauay ccn/aimtmairofcrpnrflingthevE^ues 
vaiEdES dixing cMxj^i^ 



The c assertC ) rr 

ccft/aiiatd*u^ngma3-o.Whaiyou use ass(rt()you give 
ana"gunentlhd:ls£n&[prEfflany(Xja"e"£GSGrtingtobetrua 

as^rtJcnlHittiue theprog^nwiil step dte" issuing ai error 
messa^td 1 1 ng you w h^ the aBsatian w SE End thd It f a I ed 



heada 


ile^i!^ 


"■""'■'"•■" 


i.inU, 


Whaiy 
gaiai 


edb/t 


emarolyplaingtheline 


"*■ 


intheprog-an 


brfcretheindu 
diaigethewa/ 


S"i=5 


drfinmg 













Function addresses 

Onceafundion istcmpiled ^d lea: 
eieoital, itocojpiesadiunkofmar 



ngu^e to bar tntry whffe dha 



Defining a function pointer 

rdixn veJu^ you s^ : 



WhaiyouErelookingaacompJeid^initianlikettiis thebei 
w^tD^EdcitlstastatinthemiddleGndwakyourwa^ out 
"StErtinginthemldde" meEnsstatingitheval^enamemhidi 
isfundtr "Wcfkingyoffw^ out" meensiookjiigtothen^for 
theneETE&t ItEfn (ntrihing Intt^scase the ri^ pErsthesB Etaps 
youdiorHthailoDldi^totheldKapointa-dEiictedbythe 
aSaid?). thai looking to the right (an anpty argument lia 
inci c^ngafixKl] on th^ takes no arguments), Ihm looking to the 
Irft (wold, wWchindicaesthefmcti on hasnoraijmvduel. This 
ri ^-1 rft-ri ^ mob en walks m ith m ost dad aai ons. 

Tore/iav,-startinthemiddle"("fi«KPtrisa.."l.9DtothengH: 
(ncthingthae -you're at^padt^then^parantheaa), goto the 

lrftandfmdthe'»'("..pcintatoa..."l, goto theri^ and find the 
anpty argument liEt("...functicnthStakesnoafgumats... "I, go 



nda-wh/ funcPtrTequi res pa-aithesE 



l^ai dd^ining avari^B Vou cai think o£ the compile" £e go ng 
through the same process you do when It frgureB out whae 
dedar^cn or dd^inition is supposed to be It needsthose 
pa"ailhese£to"bumpupGganst" solt goesbaktotheld^and 
findsthe'f, msteaJcfarti nuing to then^ and finding the 
empty Ergument list. 

Complicated declarations & definitions 

AsEfieade cnceyoufigirecuthcM ttieC aid C-h- dedar^cr 
s^ntacworksyaucaicredemuctimcrecomplic^editen^ For 



WElkthrai^eEihoneaidusethen^-ldtgjiddinetofigureit 
outNumba-ls^s'fplisapointa-toafuncBcnthStekesen 



a-gjmatB(irmnti£rdflo*aidrSumsapcinta-toafuncbcfi 
tha takes 31 integer a-qummt atd returns afloat " 

If youa^etreaingalot cf o/nplicdiedddinitcnsyoumightwGft 
to useatypedef Nimba- 3 *icwb how atypedrfsa/es typing the 
complicaeddesiiptione,/avtme Its^s AnfpSisapointertoa 

of 10pain!astnfunilianslh*t£keno£fgi»reitsaidra:urn 
dcxibles Thenits^s'aisGiiecftheEefpStypes typcMis 
gaierdly usdii for building canplicaeddescriptcnsfrom ample 



iplicdeddedaaiGT 
bemildly disturbed' 



Using a function pointer 

Onceyoudrfineapointertoafunction,y< 
f undii en address brfcrey cu cai use It J us 
ar^arflUjIs produced fcythearaj' narr 
{vfi. the adik^ d a fundi on f uncDI s pn 
nEmewithtMiitteErgijment lia thjn6 Vc 
a<plic]t^ntac&fijncOTDC^I ttiefuncbo 
pcirta'inthesanew^thavoudeda'ed 
C-H-EJw^stTyto m^ce ddintions look tt 
EreusedLThefollcuv nga<EmpleditwBh 
fundion is d^ ned aid u^ 



AftErthepainta"tohiKtianfpisddinel. Ftlssea^ied totht 
adc^fsof afundionfLaicQuEjngfpBfiaictncticetheGr^rr 



Arrays of pointers to functions 

Oneofthemcreinte"edingcon5trud:5y(XJcana"ed:ei5GnGfr^cf 
a"r^£ndda^a"aTcethepoints".Thissupportstheconc^of 













^« 


naddorddSef 


Bidonsfrcmtheti) 
bJedynanicdlyl 




>ventto 



Thefdiow ng&anpletreaeBBcnedummyfuncBcnBuanga 

t L5 eas^ to add or rontvef uncbcnsfrom thetEbJe (^d Chsis 
funcbandlyfromUieprogranJb/ctiaigngagndl arKHXtoT 



Make: managing separate 
compilation 

Whm usngs?]3sfea/fp/3ff<3? (brsEking code into a num 
traid^ion units), you nffid somema^' to ajtomdicE^ly co 

apprcpri^ellbrEriES and stati^} oxie- Into ai eieut^ e 
McstnmpilasElliMryoutodathiBivithasn^eosnmer 



^ediakged only a a n^ e 



TheHJuhontothisprctolan, de/doped on UniH buta/aldjie 
s/aywhaein scmeform. ib aprogram called naka Themska 
utili^ maiagES ail theincividuai fllfs in a prqel iy foil chvmg the 
inetnjcUcnsinate<tfile(£lledalll>krfil>Wheiycueditsomeof 
thefllesinaprciEttardtypenidiatheniBkaprGgramfolliHsthe 
guddinEsinthemdcrflleto cor^arethe ddes on the source code 



cnthecoj 
deniedaeismorereca 



thosemdcrfllstaidto 
nskcriltforvDurpartK 



3y uang mske you den' 
to setf^ e/aythingwj 



efredy-a/alalilem*B 



bu Idi ng tools Thcsetod a a^ y ou wN di f[] cs 
aid ddarmlne^l ttierd^ion^ipsthansdvES 
sccneHngsmilartoandcrfllegaiErdlycd! 
the proganmi ng aft/tronm mt ma nta ns ttn a I 



ha/etowcfry dxxjt It The tarflgurdi en and use cf project files 

findlheepprapndiedocumentaioncnhwv tousethan (although 
p qelf letoolsprov dedty ofnpla"vendorsareusuailvso 
an ptetousethayoucanleErnthan ty pla> ngaround my 



Make activities 

WhenyoutypemdEetormhas/ffthenameofvou md 
p og'Em h^sisto be) themdcep og^m locks nthec 
d ect(xyforafilenai6dm*rfil«wliidiyouVeired:ed 
VCHJ"prqecLTtisfilel asdependenaesbameaisou e ■ 
mflkelockedthed^escnfiles.tf adq)aidmtfiJehaG£n 
d^el^aiafile t depmdeon mdceaieajtesthe ufeqva 

Allcommeit5nm*(fll«a£ftwlha»aid nnbnu^tol 

Aeasmpleeonple themdtrfllaorapro^an cdled'l 



cdl any prcgram you want from within make E 
cf Intffd^Kfidat d^3id3ny-rul esas you ca 



A mdcrfilem^ contan 



Thp. 


.is used 


toidatilyCPPsamE 








C£ll «CPP)V, 


ill be raised with the 








q>p 


/ou|uy 


(hatgethemaroto 



Suffix Rules 

It ttecomeBtedioustoMlmAehoA-toio/okethe compiler fi 
s/aysngletppfileinyourprotert.whaiyoukniwdfsthei 

filenanesufflKeaThae±bre/i*cnsaEcdledaiffi^fi/fa., 
sJfixTuleisthew^toteectiindcehav to 









a^ofthefoflcMfir 



ily insuffjur 



Default targets 

Aftfrthemarcsandaiffmrul 
inafile aid buildsth^ uilsi 
fdlovingirdccflla 



ult suff IK nJ e) becaisethS'B thefi rst 
utas. To build targdlA^Du'd ha 



Ha-a'airdoeBnDteiistaidlJia-e'snofile(£lled'ir,9 
tJmeyoutypenilMtheprDgran SEES 'rilasthefi rst t£ 
list {aid thusthedrfajltta-^). thai it BEestha all' do 
H)it hEdbdtamd:eitbjrdieddng£il thedgiaximoe 
atvgetLonavl (uangthasiJfiK rule) seeswhaihad 
tvgetLaMB<istsaidl2lwh^ha-ta'gsfL(ppBmorere 



r a patjojla ta^. tha: rul e 1 s Ljsed I n^e 
cntothanB<tfileintheclrfaJtta-g*lia. Thus 1 
d^Eultta^list (typicEtly celled dl' b/ amiai 
c^l itav^ng)youc£rcajEee/ay e<e:ut^eir 
benradeHmply l^i typing 'mJiB. In addrtjcm. yc 
nan-ddaitt£rgd Hastha do oiha" thingB - for f 
could sa it up sotha typing 'ndce chbug rcbuil 



rdi ng to thar chapters I 



you CEfi amply mo/e into thaisubdireaoty End type moke J 
m)POiMnplltrj»ak«fll*substJtutingthenemenfyourcompiila-fnr 
mytompllaf.the .f'fl£g5a;s"uBeivhafollartsesthe 
irskcflltf). Finely ExtradCodaxppTFaesamaSFrnakcflle 

aid this makffllaleGcaTdB into eadi Eubditeawy aid (s/lBnaka 
mittitlieEpprcpriSenisWIIaTissw^ you oi tcmpileEl! the 
oxJelnttetKick b^ livcking asngleindtaccmmEnd, axf the 
protssswill drpwhaieL'ayourccmpile'isunEdetohaidlea 
p£ftiaiafile(natethaa£fendadC-i-i-ccffarmlng<EmpHH" 
shculdbeEdetocompiiedlthefiiFsinthBbDok). Becauffi 
implaneit^cnsof mikeuay from ^aan toe/aem, only the 



n example makefile 






od ExtradCodftqip 


eutcmaicElly gEnadeEmdteflls 


creaiidiepta.Betsii 


them*rfll«foresch(h£ptawill 




themakrfilesaepakEgedwithth 


Ecurteoxlawhidiy 






Siampl e cf a m** !■ W ha f d 1 oi~ 




cnetha ma! ajtomaicElly gaitra 


!dfcrthsth£ptH-lyt 


sitrattion tool. Voull find mcreth 


rcnenricflflleneaii 


sjl>direlojy(th^ha/ediffH-mtn 


ineayouirwokea^a 



The stcndmajo DRAG istheflEQtha's used toirricSelhe 
name of the output fll e A Ithcu^ many compi I as ajEtxn^c^i ly 
asajmethe outputfflehEsthe same bae nane aBthelnputfkJe 



yidnued'b^ usngthebaii^^^, up until Guess2wh 
tonemtheliaandthushEBnobakdash.Tho-earen 



luneedtoeipliQayaa 
es TxJ m Aecamot 



Thismak«fll«£ke5the£ii5dutesrfe6troutecfusng£Efavnwke 
fediresGEposadsIt cnJy usstheb^cmfikeconc^scftag^B 
tkJ bq)auignE£ aBwdl asmairosThiBw^lt isvirtusily 
asHirad cf wortdng with £b mart; ni*aprograns eg posaU a It 
taidstnprodiKsal£fga-m**l»butthd:'Bni!tsobadHrKeit's 
ajtcm^cEJIy gEn?d€d ty EKtrattCod^qjp 

ThEreaeloIscf athfrndcefeduresth^thisbockwill notusa eg 

aA'Eficed ^Kxtojtstha cai sa/e a lot cf time Your Ioce^ 
dcxummt^cn m^ desTibethefurtha" feauresof ycu" patcula" 
maka and you cai leern more dMXit mdtof ram*/ ff^^jT^/^ff^arfi 
mHiMBke'Oj Oran rndTeltioB: lORalty. 1993). Alsn if your 

raakayoucaifirwiGNU mdiefcrvirtudly a^pldformln 
austenceb/ SGEf dung thelntandifof GNU srchiveGtcf whach 



Summary 

This chEptET was afa[iylntaKetcu"ttrou^dlthefund£fnait£i 
fediffesof C++H^nt3<.moacfwhi(haeinhHitelfran£ndln 
ccfnmcnwith C (awl regit In C-i-i-'svauntedbal<:wa"ds 
ccmpSibility withcl Althou^ EoneC-H-feaureswa-e 
iriroducEd ha^tlHstcxir Is pfimaily intended for people who ae 
ccn/asErtinproganming, a>d amply need to begven en 
iFtroducBcntothe^ntai bests of C endC-i-+. (fyou'reeireEdy a 
C proganms", youm^ha'eeL'aiBeaioneartmottiings^ioutC 
haethamaeufanilia, eadef ram IheC-M-f enures thamae 
moa llkdy ne* loyou. HcMfa/er, ifttusdiepter has Sill seemed a 
tit (verwhdmln^youdBuldgothrcu^theCD ROM course 



':'i-'rz,'rr^:*;lr.";;J 


.^n,n.,..,.c 


C reae a hesda- f 1 1 e (with en eel 


rmsoncfJi'UntHsfile 


ded a-e a g-Qif) ef fincO ons b/ 


uetyingtheagumat 




ongthefolliwi nevoid 


dia-.lntaidno*N™(reae 


a.(P|)file1haindudes 


your headerfileenda-eaesdrflnitiansfordi of these 






functjonnema agiima!tli5t.a 


ndraum type 50 you 




ieamd rfppfiletha 


indudesyour heada file end A 


^mesintmriti(] 


ccntaningcdlstoell cfyourfi. 


indnona C cmpile end njn 


your progan. 




Wnte aprogran tha uses two i 




modiJusopaaor(»)todaeO: 


end prnt pnmenumbas 


(Integra numlHsthaaenote 


uenlydiviableb/eny 


ctha numbers eicept fcrtheniE 


dvesaKlll. 







from st?id?d input (dn)intoadilngT^ 


"infirite" whilelocp, mhidiyou breek cu 




thaisread, aduSeitl^firSuangasec 




tliai UEeaswttdlSaenat Iha usestha 


as Its sd ettcf (thissequfnce cf e/EitB is n 


good prog-anmmg style it'sjua gjpposi 



jem.Testttieprogan b/ redirt 


ctingi 


afilertothe 


jem'saandsfdinputdfyouwa 




a/etyping, 


fi le can beyour prog-an's SDurc 


efifd 






anait 


Einaeadcflf 


^V^*a^^u*«then 


voeii 


,r«g,^sin 




™aio 


usdiffe-mt 


itypesldialiitflo*iliHihl^a 




irva-iats). 


ytheprogran STdtreSeam^ cf ther 


esulting 


nav \a/at. If you haieaaHssh: 




ithai one ki nd 


laivneopErajngs/Etan, or on 


ipila-, 


try this 












tAesasMnstEaJiofthEEefmclior 




iifytheoutsdertrtnaotjectinil' 






irinO crsaeaidinitJElizeaslilngoti 


9l,(mntit 


1 pass It to ea± cf thetwofunctii 


mspr 




te a prcgrem tha uses eII the trie 


irsphB 


to see If your 



C«r 


pilemd 


runSWItqipR 


mtvethe 


sMIcke/w 


wha happais 

Trytoiximpileandlin 

Fllfl5talli2.cppWha 


endrunita^n 

nicStaUcxpF^ 

oes the resjl ting 


;,„_ 



M odify BooleakqipEo tha it wakswith d(Hiile/£liieB 

instead of Ints 

M odify BD(ila3i.c|ip£nd BItwIsa.qjpsothe,' usethe 

eipllat cpe"a:cfs{lf yourcompilffiBconfcfmanttothe 

C-i-i-9aida"dltwill support these). 

Modify Bitwls«Lqi*o''sethefunaionsfrcm 

Rotation J^ M *e aireyou di^l a; the results in aidi a 

w af tha it'sdearwhd:'5h£ppaTingduringrataions 

M odify Ifthcn^pto UKthetanay If^seoperaor (M. 

CreaeaanittthahddstwortrtngohiettBSfidmelnl 

Useat^pedrffcrtheslnidnane Creaeaiinaencecf 

Escfyoui 



as gi It to a poi nter to your rtnjtt^e 


Chcn^lhe 






us ng the pointer 




CreaeaprugranthauseEaienumaa 


cnofoDlors 




nntoutaithe 
















heresjlting 


urlonTryeEagingtoone^emeitlth 


sonetypelcf 


the union end printing cut auia a diffa- 




a diffa-eit typ^ to SEewha heppaK 




CreSeaprogran tha drfinestwo Inter 


a^sonenght 


rfta-lhectha-. Indeiofftheaidcfthef 


ra crra; into the 






3r3/ to seethe chaigestaise It/ this N 


DW try doming a 







seand, aid repeSthe&ipefimat. Vcu ma/ want to 

creaemara/printingfunctiontogmplifyycuraxiing 

M odi fy A rrqfA d(lrcBKKq)po wcrkwiththedaatypEs 

diwIonglntflottmddouUe 

Apply thetfdrtqueinAiT^Alldreswsjppo print cut 

theazecfthe Etnjctatd the aJdrE&Gfs cf the arr^ 

d anats I n StnjitA na/^f 

Cre^eanarr^cf GtrlngotfectsakdaEagnaftringto 

Creaetwoneiv prog-amsstatingfromAr9irolIlts,qip 
so the/ useEtoll)md«of(] respectiv^y. 
Modi^PolntalnfTanentZqtiBiit UEeaaunloninst€3d 

ModifyPolntarArithircdCiqjItD wok with long and 
long double 

Drfineafl0(tuafi*leTakeitsaddre6acaatha: address 
to ar undgned dnvand aea^ it to m uruigned dNv 
pdnter. Usngthispcinta-ard [1 indei intotheflo* 
variade and usethepi|lrtBinay(]funaion drfinsd in 
thisdi^ta-to print out am^ c( thef|o*(gofrom Oto 
dzeoffflo*. Change theualuedthenoa and see If 
you cai figure out wha's gang en {thefloatccrtans 
aKodad daa). 

Drfinean an-a; of int Tdcethestati ng aJdress of tha 
arr^ and useiUtc oaltocon^at itintomvold> 
Write afundion tha takes av<4dt anumba- (indi caing 
anumbe- of bytes), aid auduelindcainglhevauetD 
which eaihtyta^HBid be sdJaeagumaTtsTfie 
fundion^Buld^eahb/teinthespe^fiedrangetothe 
spadfi ad value Try out the fundi on on your arr^ of Inl 
CraaeaaMlstarra,' of doubleand avoldtlearra/ of 
double Irrfei through aeth arr^ and use<mi5t_(XEtto 
caa eedi danmttoncivainstand non-voldHa' 



itiynullneedtouses 
;sinadnMildNiHi 



Klify FlodtngAtf inoy.cppothd it 

£rt cf thedoublea? a separ Seynup cf 
tor^laBthecdlstoprintBln«yt)ivith 



jck up md unda-aEfid thefloaing-port forma £l ang 

lE/laigngpErt). 

rfSeaniEkrfiletha not ally oinpilFsYourPatsLqip 

nilYourPtt8Zq)p(foryourp£rtiajla-compila-)but 

so aeajtes both prolans £e pat cf the d^ajlt targa 

lodifyStitntfzin^xpresdons,q>pothap(A)is 

jndiHctdly Mf dried to all ™ the debugg ng (odeto be 
jtcmaicEily slTipped out by s^ingacommaid-line 
^. Vcuwill nted to ccnsult your aimpi la's 
oojmaitdicntosehQW toddineandixiddine 

d'ine afuncUcntha:t£kES adouUea^mat axl 
*umsai!iitCreSeaidiniH£lizeapcintatothis 
indfort aid cdl thefiBKtion throu^your po nta. 



Idcfthepro^an indudingdebugcpnginfcrr 



4: Data Abstraction 



^ouVebeccme axvlnced ttd:you're goingto gS big gans ty 

^rodudivlty, mcDfnputa"praganmingtaiiia meenstfiaf&va" 
3eDplec£nmdcemuchiiK)reccmpl9<EndlmprfS3vepmg3nsii 
ess time There at CErtanlyatha"lffiiJFSwhmJtcDniesto 
iBoangal£ngu£gasudi£sdfldaHy (doesthenaurecf the 
ErguEgecajsedawdavnEndcadeE)lD^]. s^^ fdoeBthe 
aiguege hd p yauaisurethay our proyan will efw^sdowhd 
/ouplEn, aidhaidlearcrsg^i^ully?), aid martenaice (does 
ihelaiguegehdpyoucreaecodethaieeESjftoundaaend. 
"nodify. aid ertaKT). These a"eotar^y importatfalarstha: 



Is heppy t)ecaijse products ere [ 
ople £ndthecuBtcmasa"ehep 
i moredieEply. Theonly w^ to 



A llbrayisamply a bundicfcodethd: someone dffih 
andpedce^togaha'. OftsLthemostmirimd paka 
withaie<taisiDnllkellbaidcnecrmcreheals^files' 
ccfnplla"wha'slnthalibray.Thelinka"kncMfshcw t{ 
through the I Ibrefy fll e awl ertrat the q)propri d:e com 
Bsithdi'sanfy anew^todeJlva"allbray. Onplafom 
mar/ achitectuTffi sudiesLlnuK/Umn. oftailheonly 



Thuilibra"iffia"eprobGtJy Ihemostlmpcftantwa/ toimpr 
productivity, and cneoftheprimafy deg^^ais of C-h- ist 



A tiny c-llka llbratY 

A librafy usually stats out as a coll edioncffurKtiona biitif y 
ha^euffidthird-paty C librariesyou knew thffe's usually mt 



tagnanel keCStadiTagsgens^ly sedforadnjdin 
uneedt 4s3KstiteStmtt gde ts^ Foreianpla^ 
a:nga//T^ay/if{eadsdemHit nyou I dccrtansapoi 
pnaitdm aft) voun€e:laponl:e-tottie e<tAudu£ri. 
u eedaw^to dent fythetypeoftha pa nta" within tf 
dy Als:].youll dmo9: a^ ly ^fethetypedrfs ^o 
aiefcf e/ayslructinaC librafy. ThsisdcnesoyixKEf 
!Stluit£Eif itma-eanavtypeatddrfinevEfiEblfEnfthi 



ai unEiynd dia4A n unsigned dhoistl 



ttieCStadlisdeagnedtnholdaiylypeofvaiable avoid'ivc 
bemcreEpprepnaehae Hava/a, thepurposelsncttotred 
acTEgeaBayodnof Hjmeunkntwntype biJtrdha"£Gablod< 
ccntjgucxisb/tfs 

Thesaj"cecodef(X"lhelmplanaitdicrfFle(whidiyoum^ni 
gd ifyaj buy allbrayaimmaddly-ycxj might gk only a 
ccmpiledflbJorlibordlLdOlocksliketfis 



TheBlddfuictioninsstsaidenat into theCStadia the ne(t 
EpEcelrftlfnot, ite!paidBthest«£Qeuangthe!nf|ae(Xunction, 

ba ng stored (ell thefunction gsts I B avoids, you can 1 11.3 do an 
aBs^mat which would certanly bethecon/aiientltiing. 
3 naeaJ, you muS copy thevai ede tyte-ty-tyte The mo3 
Bjra^ilfarwerdwaj' topafcfrntheccpylngiewilharaj indeiln^ 
Typicelly.thaea-eelreedydaalytesinAirsoeaKlthieiB 
indl cSed 1^1 thevctuerfnaitTostat with theri^b/teoffBd. 

atertBytesThenthea-gummtelanaitBceatoenundTMddia' 
BothSit cai beaddresBed l7/te-l7/-tvte end (cpied into the 



cff 53: into theCSta* It must iHmuIti plied b/ the numbe-cf bytes 
ooajpiedbyfaJipieratoprodutethenumencel cffsSinb/tea 
WhaithiscffsdiBusedloindedntnttwajBusngefrs/indeimg, 

produce the address y cu must usethe addressof cpaaor fir. 

countOm^^ lockabit araigeafirsttoaseEsnedC proganme". 
It seansllkealotof trtMljIetogothrcu^todosanahhrtgtha 
wouldprobatiy bealot eosertodoty hatdlfyouha'ea^RJd 
CSMhcdl ed ImStHh f cr ei^ple It woul d s»n mudi mere 

straghtfcTdVerdtofindouthiw may defnaTtsrtha5tj/s^ing 
IntStmhjIWInstead d making afundncr cdl (whdi has 
iwerhead), sudiasoHmMfilntStartlJHiweja-.ifyajwatedto 
diaigetheintanel r^resatajondCStathendthusthewa^the 
countvi'ffic^ajlaed,thefunctioncdlintafa:E^l™sthe 
necessayflanbility. Butd^ mostpro^anmffswont botha"to 
find out dxxityour "better" dea^forthelibrafy. Th^'ll Icokd: 
thaitniitend gri) the rwitveluedi real y. atd possibly s/ai 
dien^nBrtwittiout your pa-mi ES on. If only thereweresomew^ 

IVes thS's f crediedow i rtg 1 

Dynamic storage allocation 

the/^^i.TheheepisabigtJod<cfmanofy used for ail ocaing 

the azecftf»emancffy you'll need wNleyou 're writing a prolan. 
Thai a cnlydrui^imewill you find cut thdyou need ^a:£ to 
hdd 2O[lAlrplai0/aiedesinste£d of 20 In Etendail C. dynemic- 
man ay ellocaioii fundi onslndudemdlocOcallotOreallocO 



The !nf WeOfunction uses newto get ah^er diunk of spa 
theCSta* Inthissituaicn, wewill only eipaid mfmojv a 
shrink It, aidtheasssrtOwill guerateethaanegaivenurr 
net passed to Inf laM Jastheintreaso/s/ua The nav numb, 
danaitstha csr behdd (rfter lnllaW)a!mplaEEl istslcul 
nHwQuaiUtysrd this IS multiplied lythenumba-of byttEi 
elfmattnproducenBwEfytaswhidiivill bethenumba-of I 

theold local en, oldBytcsscaailaedusingtheGldqiiantlt 
the eipresa cnlnva^jngthenatv ^s/w cnt 



ThegaiEfd form cf thene 
ncwTypcE 



rypsdesui besthetypeof verisbleyou wsrt a lotaed ■ 
Inttiscase wewat an ara/ cf unst^wd diatha is 
stong, sothaiBwha eppferBestheType Vou (sn ^s 
omahing sb ample se sn Int by sa;i n^ 



la you a*al f cr. So If you s^ rww Typsyou gd ba 
1 aTypa If you saf now Inlycu gS. bak a porta- tc 
ou wat a nawuridgrMd ctiaara;, ym gd betk a p 



be copied to the n9br&tarEg5tfiiBisagana:romplr^ed with £rr^ 
indadn^ccpylnganetyte^etimeinaloop. Afte'thed^ais 
ccpiedtheddstor^emu^berdeeGEdsoth^it caibeusedb^ 
ether p£ftsafttffipng"£fn if th^ need n&v aora^Theddrts 
k^wcrdlstheccmplsnst of new, ^dmLi^be^^iedtordeEGe 
arT/eto[^eth^iB^>oca:edivith[MW([fyouforgatouffidcld« 
thidcregeremansuna'al^de and If this so-ceiled fT^STwy/fflt 
h^pensencu^.ycu'H mntRitofmanofy). In additicft there's a 
^ead ^nta<mhasyau'redddingaiaraj'. Ifsesifyoumua 

ctjed:, tB^toenerr^of cbjectsyouputasdof anpty squere 



Notethathehe^ 


■ mcrcga-iEfarlyprirr 


litive It gives you dunks 


cfmano-yaidtd 
inheratfaolityfo 
priwideiiggfrfre 
acrc^for a while 
lotscfmanoryfre 
allociethegzeyc 


"to^ 


bakwhaiyo 


uddrtrtfian.Th^e'sno 


ediuikalfaprogan 
lyoucaimdi^with. 
a but without avpia 
u re locking for* the 


d locoes aid frees hesp 
Esthd: a^e bi 9 araigh to 


dunks craiid, so 


™™ 


i^w^ 


eitmo/esmanory 
la n thar proper vd ues 


Scmecpa^nga- 
th^reqiireyouC 
tanporaily axwe 


rt'^tJp 


Its ha/eheepcunpecticn built m, but 
Qd manory toprfffi IwHdi can be 



acTEqefcf thaivaratJeisajtofnaicdly (reaed aid freed ty the 
ccmpila' Thec(xnpita"kn(wseialiyh(w muds aor^gei 5 needed, 
aid It kncwsthelifdnnecftheverietiesbecaisecf seeping. With 
dynanicmaiicry ^lcx:^(xi htwa/a.thecompiladoeaitkncMj 
hoiv mudi storageycu're going to need. 3Ttf It doeait knew the 
lifdimeof tha storey Thaiathe^yagedoeaitgadeaned up 
eutcmdiceily Tha^orayourere^onsbfeforrdeaangthe 
Scregeusng dflletowhidi Idl Btheheep meregatha ^ora^ cai 
beueedt^ the n9[t call tonawThelogcei placeforthietohappai 
inHieliliay isinthedeonupOfunaionbetaiffithaiEwhaedl 
thedosng-up hDued<e^ing is done 

Totestthelibray twoCStoteaecreaed.Thefirst holds IntE 



heiB-otlHnsivihClihra-iEsisthd:' 
istcEfdiJIycin/^totheus-themportanceafthe 
id ^onEnddEEnupfixKbcnsIf thesefunttionBsrmtc^l 
rew II bealotcftroutJBUitfcrtixMdy theuse* doE9^t ^^ 
nds'if nitiEi zaan£nddE£nupaBmaHid:a(y.Th^kn(hv 
ri tf^wattoaEompI sK £fxJ th^ tenet as concaned ato 
pngupai' ■ 




After eaihStaahis lea: 


led. it isdi^la/ed. 




usescountOtoest 


arin^ashspnrtedv 


rthawhllB which 



Although you ^Kxjld eiw^e dederefundione b/ Indudtng a 
heeds'fUQfuKliendeda^ansermt essmtiei InC.lt'BpoEable 
mC(butntrinC++ltncsllafuneBiinthSyeuha/aitdedaBd.A 
good eompils'will wanyou th^you prcb^y ou^todederea 
funeBonfirsLbutltlailarforcedt^theC lenguEgeetenda'dThis 



eb en tha y cu edl with er Int agumat hee 31 a"gyi 
itaninglnl e/ai if it m^ aaudly contan afloat Tf 

dueebugsthSaeuaydiffiailttolind.aByouwilh 



filesarepatiojl^y Impcftait, becajffia/aywhffetheheedffis 

eonf^g you ha'eadEda^cn In a h^s'fllelh^ s^Bvold 
funtffloaQ theoDrnpila-kncwsthS if you cElltha fundi an with 
^intfgs'Grgumsl.it^aiidainL'stthelnttoaflodtsitpEGffs 

ftiea^Fnat{thf5iscdledprcjncfiff?), Without the dedaai on, the 
C carpi I a- would amply asajmethS afuncBcnfurKflnOeiiaed, 

pEraediiAo fundi 

For sa&\ traidaion umt, theompil? credES ai obj el file with ai 
actssoncf ^CTBOfaJcrsimdhingamila'.ThE&eobjectfUe^ Gicng 
withthenecasafy stat-upcidemudbecdlectedtythelinkH" 
intotheeiecutGUeprog^n. Dixing linking dl the Q<tEmd 
rd'EraKss mu5t be resolved. Fcr etanpla in CLIbToLqip 
fundiais siKh aBiniUallze( fcnd f ttdi( l£f e ded a-ed (ths is the 
compila-istoldmhath^ look hkel aid used, but not drfined. 
The^ aed^ned dsvhae inCLIb-cpp Thus the CEllsin 
CLIb.qipaeertaTi^rrfaHiceaThelinka must when It puts Ell 

intotheeiecutGbJeprogantor^la:Ethead:9"n£i rd^aaicea 

undffSDrein front cf than. Soail thelinkah^todoism^diup 
thefundion nenewhaeit iscdied aid thefundion bot^ in the 
ofajedifile aid it's dene If ycua^JdentElly maleacdl thdihe 
ccmpila'intaprdedaBfuncQnOaidlhae'safijndionbod/fcr 
fijntffliwOinsc(neaha-cii(e(±filaaielirkawlllsee_funcinane 

liMiij)^Hiec^lingliKaicnwjMpu^ailiri:aitothestak.aid 
lhefunc()funcBcnbodywille!pstaflo*obeonthe5ta:k.lfttie 

up the Eta*. I n f a±, theflo*u^ueit reads cff tfie Eta* mi^ e,/Hi 



What's wrong? 






Wea-eran£fk*lyadeptei!lee/. 




ll dipati£ps 


wejAaj/thYadEpt.Theayleoftl- 


ieCSta*libr£ry has 


ibFEnaasple 


fcr C pragranmas but if you la 




)umi^ 






p£ss the ad*6ss cf the stnxt jret 


os/ffyanglefutKti 








lihtEfygSs 


mixEdwrththemeaingofthefu 






whaiycxiretiyingtounda-aEfic 


IwhS's going m. 




Onecfthebiggestobaadeshcw 


a/ff.tnusnglibrai 




problan of fanerfaste- C hasae 


















5^™"""""°"°"" 


ivithaanglefuncbo 


nwitha 


N OH suppoBeyou dtadetn buy t 


v,olibrmsframtw 


■odiffa-mt 


vaidcfs £rdea!hlibr£fyh£Bastructureth*muabe 






idedthdi>lilt<4i»l)^ 


(JBtnupOa-egDodnanES If you 


indudebcththerh 


esda-filesin 


a sn^ etransi aicn unit, wh^ da 


5 theCcompila- do- 


? Fojtunady. 



liSct otjelfilsintheorda"you3veth9n 
m ejai bethou^ cf £b aff^ure baaiseit 
3 li bf ay fundi on with your avn veracn.) 



with the Ida* si naneTosdvettiisprcblan, C libray vendors 
wilJ oftai p^awi a sequence of um que diaaters to tfie beg rifling 
cfdltheirfunctionnamesSolnldallM()aiddBmupl)might 
becixneC5tadiJnlddlz«{^dC5tash.dea)up()ThiBisa 

logcd thingtodobecajseit" deccrdes"lhenanecfthes*niclthe 
funcEiaiwciksonivithtiienaneof thefuid:i on. 



The basic object 

St^cneiseoHyth^. C-i-+funclicnscaibepla::edln3destnict 



stnidureasthiafliaEfgiiviHttodlthefuncBcnsthSopH-ae 
ttM strudura the oanpila-seirdly does thisforyau.No~th( 
a"gunEntsf or thef undians at ccncaned with m ha thefund 
d:s. not themeiiGnisn of thefixHlan'saperaim 

I fs importa* toredizethathefunctjcnoadeisdfettiudytht 

SEmeEBitwasmiththeCvH-aoncftlielibfay.ThenumbH-o 
a"gLflnaft5is the SEmele/mthau^ you dcnl seethe aruttuf 



doeait m^ycu ga a diffa-at addOfmdionfor faJiv 


3-1*1 a 


So the codetha's gena^ed i 


isdmostidaihcEltowhayoi 


J would 


haiewrittaifortheC vaao 


nofthehbiay.lnta-eaingly 






iraion"ycx.prcb£tJywculd 










13 dethe stnid the com pi 1 ? 




rffecdvdy doesthesanetHr 


igThadoralnlUdlze(»ns 


dethe 


EtrudiureStadlwill notcdiii 






s/aiaglotdfuncdnnnane 




initialize )M05tcfthetime 


lyou dcrt ha/etn worry ±o 






■cu uffitheindeccraed nan( 




Eonaimesyoudoneedtobi 


! ableto ^edfy thathiE inWillraC ) 




ndncttoEfiyuthH-slnjctln 




p£fticul£f, whaiyou'reddii 


ing-thefmOion you need to 


fully 


Epeafywhidi one jtis Toed 


ciiinp[i^ tins fid 1 EpeiificaiGi 




hasaicpaaorfc)(^led1:h£ 


' sapersdutiin cps'altr {nait' 


Ed so 









ai Stashdrritldlzeant 



liereaEffi/a^iilhcrttiingsttMa^edffa^atbdweHi 
C++ 5t hededa^ons niheheade" lesa"e/a^/£ 

comp a" nC++yau Ennct d afundianwiUiaAded 

n porta* w^ oaraj"e hafundKincd saeamaslff 
ftiepant whaeth^ ae CEtled aid The port whaeUi^ 
dd^inedB/forangyculodedaethefurKtionbdoreyc 
theC-M-tanpliervlrtuEily aEuresthaycuwiH perfcfn 
dedadicnbj'inducfingWieheEdfffile IfyouE^BorndL 
sane heeda" fltelntheT^a:ewha"e Ihef undi on& are dd 



sthdifunctions are used ccnsj^aitly throuc^out ail 

rse ^cb^functianscan^ll bededarEd ty hakd a/ay 

vhaeth^aedd^ined aid used. (ThfBis so tedious tha it 

afbrfcrethe/a-edrfinaloruEed, aidthemostoinuaiiEr 



mhaith^maeC fundian^acqjtforthescoperesdutionaid 
Ihefaditha: Iheflrst agumatfrcrn the C vaaon cf the II bray 1 5 
nalcn^a[pllat It'ssdII ttiET^ of cour% bEcajEethefundicnhaB 
tobe^etowcrkcnapErticiisrdTUCtvsr^eButnctice inade 
themanbfffixidion, thathemanba" sdedJon is ^si gcneJThu^ 
instead of sS|fing9->slze-si^cus^ dze-s^aid diminSethe 
tediousG-> wNchdi (^t redly add anything to the mEEning of 
whayouwereddngar/w^. TheC-i-i-cofniBla"i5£ppa"ently 
dd ngthisfor you. Indeed It istditng the" ffjra'flra agLjment 
(the address of ttKdnjchietha wewe"eprei/laudy pesang In ty 
haid)end^^lylngttiemaiiba"sded:orwhaieL'a"yourd^a"toone 
d'ttieddamanbasof adrudthismemsthdwhaiejaycuae 
Ins dethe member fundiondaiadierdruct you oirdo' to ar/ 
maiib?(inducii^aKidiermaidierfunclion]by 9mply ^vingits 
naneThecompilawlll Eeadithrou^thelocd struchre's names 
brforelooklngfara^obdvaacnofthanameVou'llflndtha 



tapa- aiced p oq amn a- Uaially, you dont usethlscftai, but 





no ccmpi ant from the cc 


(npiia-.HutinCH 




Xdl<MedWh/?Becaia 




typeinfctm^cn. so it dliMsycu to aa 


ignapnnta-wit 




□fled type Not s 


C++. Type ISC 


riticdlnC++.aidlhecB 


npila-aempsits 


tha-ea-eai/^ 




impcxtat but 


ItiseqiEodlyimpartEnt 












npunity in C ++, then you 


could end up cd 


manbH- fundi 


on for aslnjcttha doeai 


ts/ailogcdlyt 


thatftuctAr 






t of art; type cf ponta-fc 


lavold'lthiswa 


crgnalintmt 




sdtobelergeenc 


hddapointa- 


to 31/ type), It will no' el 




pninta-toaiy 


i#ia-typeofpointer.A{ 


aaiEslwa/sre., 



Eneo^trEnaticntDtheneMl^guEge Hcwvae", thisdoeantmes 
Er^oKlethdCdlcMswIII Eutcm^c^ly beEJIcwed inC-i-+. Tha 
Ereanumbo'of IHn^theC ccxr^ila'IdByougS^^wilhthd 
EredaigaiuBaid Error-prone (We'H loc* d:tliHn asthebock 
proyes5ea)TheC-H-canpila"gaiaaeswariingBarxiarorsfor 
these 3tu^ ons This softmmuchmoreof £na:Vat£gethaia 
hin*aHalnfact.thaea"em£ny atudionsinwrt(tiyoua"e 
IryingtonxidcwnaiarcrinC EndjuEtcsnttindit butEESocn 
£s you rexcnpilethepFoyaninC-i-t-, the compi a" points out the 
prcblan InC you U cftenf ndlhayoucsngaiheprogan to 

proysfTKEmp Jescorrecd^ t oftm works too! This is beajseth 



id ^t lart CLibTestqtpbii 



oftheSr ctu Th dffa 
t hse a\ agumatf [ i 



cxign^ C I brEfyfundon Thsj cnader g ane 
idlhepassingcflhlBth C-M-f dcncdl 
_ .tJriiHUnofanaUttcomessomdhnglike 
StitfiJnItlriizKbintStirii, rizsofant}, loayou aavionde 
anixidanEahtheca/era ranemba"thd:thecr3n£i 
rfrontfrofn AT&T produced C code ee its output, 
31 axnpiledb/ the underlying C canpila". This 
rtthacfiurtaijldbequid;lypi!rtedtnai/ma±ine 
cmpilH", and It hdped to rapidly dissaninaeC-i-i- 
lolo^. ButbeajsetheC-i-i-compilahad togaiaae 



Thfre'Bcneotha-diatgefrcniCllbTBSLqjpwhidiisthe 
inlroduclicn of the requlraJlhEa:!? file TNs i b a heaJa'frleth^ I 
(reaedfcf thisboaktopaformmcfeHphlsbcaedHTarched<ing 

ind udngihe one used ha'e<^LedaESUreO;'V En chjs used far files 
Thisfundion chedisto seerf thefilehES ajccessfully beat opsied, 
andlffHtltrqiortstoaendaTtarcrliiathefileaiidnDtbe 
opaied {thus it needs Itienanecf the file 35 the secDnda"gum at) 
aidsfitsthepro^an.TheraqjIrAhfutKtionsivitl beused 
Uiroughcut the hook i n pat ai a to ensure Ihithaeaethe right 
numba of commaKf-^ineagumaTts end Ihd: files aecpaied 
propaiy. The requlreJlfunitiansr^laEr^aiitveaiddi strati ng 

mess^esTheffifunaicnswill befully eiplanedlaainthcbook. 



What's an object? 



ladtnttinka 

a^thing but aproganmlng ccfft/eniaKe Thefi^dionstha 
opads on ttwse sInKtures ae eJ sSdV hae H ow &a. w ith fixKl] ons 
Inltepaice^the^udu'ebeccinesBnQva'edu'Qc^i^eof 
desiiblngbcthdiaadialsbcsQIkeeC] stnictdoes}d^beh3.rlor5 
The ccncept cf ai object, afree-staidin^ boixided aidty tha cai 

lnC-i-+, £ncbjed:isjustavai^eaidthepLirestddinitGnis"e 
region cfstorege" fthisisamcre^edficw^of sa^'ing, "aicbject 






Unfwtunady.tho-e'snot 


ccmpl aecong SaKy aross langjagcs 




-ns athaighthe^a-efadywdl- 




naimesacairterdiEB^eeneit about 




ngu^eis althou^thaseemstobe 




li/ now. Tha-e are languages thaa-e 




hath^h*eob|ectslil;etheC++ 


arudiKs™ ithfuKti onB 1 


ihayouVeseaiEofar. TNs hortejer. is 


ctily part of the pidurewl 


lEnitoiinestoarobject-orieited 


laiguEgeandlmgj^est 


ha Sop a pa±ag ng fundi ons ingde 


daaaructurfSEfecbiett-l 


jased. not cbjett-cr mted. 


Abstract data typing 


The ability to pa*a^ dai 


awithfunctionsaHoA-syoutoo-eaea 


new daa type ThisiBcfte 


ncatledi™;^M//a!nni.Ane(iaingdaa 


typema^ ha/esejffd pie 


cesofdaapa^^edtogaho-. Fof 


atanpleaflnathasaisi 


jonert. a mantissa mdasyibit. You 


cai tell It to do things adc 


1 to andho- f loaor to an Inl md BO on. 



TheddiritioncfStarilcreasansvdaatypeVoucmaddd 
f*di[) and infldedVou ireaeoneb/ s^ing Stash B|ua asyo 
oeaeafloib/ s^ngflo*! A StathalBohaBchafalaiaiiBan 
bdia'ior. Evmthou^itartslikeared.buiil-indaatypawerd^c 



a ccnc^ f rom the prod mi ^}a:s i |4 
Ba^ afundiioneipeisaSlashtheco 



Ycucai immectaely SEsadiffaaice hiwaa-. in the 

Dbj adjnon berfurdlinfar^l EO'hisis"c£lllngama 

funcb en for an objecL" But in object-on HitedpaiaKe 
reared to EG "sending amffiSEgeto 31 cfciel," Sofcr. 
staanatMdtM&D'satdsamessE^toB-s^mg'M 
yoursdf." Infal, cbject-onated proganming can he 
inaant^ephrpES sffidngm&s^srodf^ls Redly, thi 
do-(red:eabun(hcf objedBEndsGndniesB^eBtotht 
of car% Isfiguring cut whiyour cfciels aid messa 
cntHyoucaixTiplldiltBstheimptanHita^oninC-i-i-Lf 
araghtfan~a-d. 



Object details 

apelfram aC ^nid" InfailhecodelheC compi I? produces 
faraC^W<tiv<ilhnoC++alomnai^vii\\usi^\)/\odka<a:Sy 
the sane EG the code fP'oduced bf aC-M-mmpilcr Thisis 
reassinngtothoEeC pro7£mmer5whodq)avic)nthed6al5cf 
szeerd layout in Ihar code aidfcrsomereaEcndrelly sossb 
arud(ffet^GsinsteedoluangidHitifias{rdyingonap£ft]culef 
HzeaidlajrautfaraBtrudureisanonporteblea[liviIy) 



zeofdlcdtE 



ni-tl-i' I <-of atliudugngtheslzeofcpa^or. 



On my marfiine (your resiJtsm^vay) the first print aaemait 

smdhlngcf aiaKxndy bEcajEelt isastnic^Jthnod^a 
manbffs InCtfisisitlEg^, butinC-i-i-weneedUieaptEcncf 
CTE^ngaElnJCtwhoEeEareta^rBtasaipefuTKtionnamES so it 

a sm&vh^ surpnang ncfEerovsiua In eeriy vaaons tjl the 
Isngua^theazewaBzao, butai^kwsrdstu^ionTisfswhE 
youo'edeajchotiectsTh^haL'ethesanesddrESSElhecfajel 
(reded dirEctJydtfflhan, endsoerenct diaind^Onecfthe 
jundanari^ rulesof cbjectBisthaeediotijejlmua ha^eauniqi 



Header file etiquette 

Whaiyoutreaea^njdcontanmg member fundK 
creainganewdaatype in^nasi.youwertthist 
axessbJetoyeiredf a)doih?ainedditic)rLyeuw 
the i rtafais (the ded erai en) from the impi anata 
drfirttJcnaflhemanba-funcBens)solheimplana 
(herded without f era ng a recompi I e of tte mti re 5 
adiia/ethisavi Inputting the deder^ en for your 



headafllesbeccmesuystdde^.Th^erevirtuellymendaoiyfo 

inthemideda^onaTheheada-filetdlstheeompila^whSis 
ajal^ein yoir li bray. You een usettielibray e/ai if you enly 

dent need the saitecodefor the (ppfile The hesdaflleiBwhai 


AHhough it is nit aiforcsd b; the q 
building la-^preie±smC istous 
funeb one i nto the san e objeet modL 

C+4: you amid threw art/fundion 


1 


a, the bea epproadi to 
libray. aid uffi aheada 

iCIibray, buttheC++ 



I mportance of header files 

WhmusngafuncBcnfrcmalibray C dIOdVsycutheoptLcncf 
I ^crlng the hEsdET file aid amply dedaing the fundi en b/ haid. 
lnlhepaEt.psiplewcKddsom^mEsdt}thistD^fe:lupthe 
ccmplla'iud: e bit t^ a/ddngtheta^ of cpsung aid induding 

e<anple hae'saiertTEfndy l^y dedaaicnoftheCfundicn 
prinlfOItrDm <stdloJiri: 

ThedlipseBgjedfy avand:^e3yurna>tlisP,'/i\i&\s3js printfO 
has sane agjmenta eadicfwtiidihEeatype tMitlgncretha^JUBt 

kindof dedardJcftyouHj^akdail arcr diecki ng on the 
argjmHts 

ThiBpradKscaicEusesjbtleprcbfans. If ycu dedae fundi ens fcy 
haid. Inonefileyoum^mEkeamist^e Sncetfiecc/npila'seES 
oriJy your haid-dedEr^cn inthdfile It ma^ be Edeto alapt to 
your middle The progran will thai link cofTedJy, but tt»e use of 
thefundioninthSonefllewrllbefajlty.TtBsrBatixi^aTorto 



If aanjctisdEdared inahfadH-fileinC++, yoiiraurtmdudethe 
header fi I e & ayw ha-e a struct I s used and m ha-e stnKtmEmbH- 

jfycutrytocdl aregjla"fundncn, or to ceil ordd^ineamanber 
fundKJttwtthautdederingitfira. By aiforongthepropauBeof 
heada"fHea[heierguege3ieu"eBcon35taiiYmlibfefiffi end 
reduces bugs l^fcrdnglhe sane int erf ae to be used s/aywha"e 

Theheada"lsacontral bdweaiyou endtheusa" cf your librery. 
The ccrtrat desoibesyar dda structures aid EtSesthe 
a"gunmtsaidrdixnvduesfcrtliefuncbancEila It 5^s"He"e's 
whd:my lltraydoea'Theu^rkeedssQfTieof thlslnfcrmaionto 
de.rdcpthe^^lc^onendthecompila'needseil of ittogenade 
propa- code The use- cf the stnictamplymdudes the heada- file 
creaesol^ectsdnEtaiceslcfthastnict endlinksinthecfcjed: 



mantiafunclicnsbd^creth^aedd^irK 

filewhaethememba functi ons ere ddi r 
th^aeuEed. BecajEeasngleheadafll' 
induded tfTQughcutthe^defn.thecofn 



s-only dedaaiona-thaisonly infcfinaiontothecomplla 
ofhingthd^loc^es^ore^t^gaiaaingcodeora'e^ng 
tJes ThiBis beceusetheheadafllewill lyplceily be induded 



jpwithamultipled*nitionarnr(thiBisC-i-i-'BO?ei^™ta 
/cu CEfidedarethmgsaBmaiy times aByouwat, but tha-f 
:Tiy onealu^ dd^iriil]onf or Esh thing]. 

rh)BnJei3itimipladyhaTiaidf£a. IfyouddineavaiE 
:hais"flleaaic"lhaBviHbililyonlymithinaf]le)in3deah 

^fetha"ewi[l l)emultlplein3£nceBofthd:daaaTosslhepi 

doGfythinglntheheeda"filetha:will caiseaianljiguity a 



jusethesanenanefordiffffent types To 

n multipleheader files a"einduded,ycu 
d 1 1 gaice I nto ycur head a" f 1 1 es us ng the 



esch daatype (structure with funcBcns) generdly h£G Its own 
heaJa"fHe£ndyouha^etoindudeaneheada"lnaidha"ifyou 
wait to CTE^eaiGthETd^atypethauEesthe first one InEny qip 

ind udethe sane heeds' file Dun ng39n^ecciiipll^cK\ the 
ccmplla'caiseelhesanehEaJs'fUese.rs^ times Unlossyou do 
HBiiaJu ng about It, the campi I a 



Eoluetheproblaii 



The preprocessor directives 
#deflne, #lfdef, and #endlf 

The pr^icessor di redivefthf InKai be 



amaroTheamplHnatofiMfdefislilndefwl 

trueifthelS}dhasnctbsidrfinal«hisiEthea 
heada-filEEl. 

diekyourlad donjmat^nnfcr the full sa 

A Standard for header files 

to see if thi & hsaierhEBdrsaiy be 



ssorfl^.lfthefl^isitBet 
ld5athefl^(sothe 
sda-ethestmOure If theflag 



Asycuc£nseetheflrsttimelheheaJa"fllei5induded, 
oxitats of Iheheedfffrle Ondudingyour type dedaa 

induded-inagn^ecanpLlaionunit-lhelypededGr 
bei^fcored. ThenGmeHEADER_FLAG caibeay uniq 



Namespaces In headers 

YcullncUcethauswdan e,3- 
filesinthisboak, ugjdiy ntheform 



llbray.t^spatojIa'uangdrecbvedlojvsthenamfE nU 
StEndad C ++ 1 1 brEry to be used w thout qu^ ifi c^ on. H DVd 
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InthelaadnKtinthelistputaza-ovelueinthepcinta- 
to indicaetha it'stlieaid. Write a sccnd functicntha 
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Djaylhmg'Bnaliedtotheivcrld. 



ledi at progranma's hands off tools th^dwxjldnt 
jlsthd: ae necessary f or the I ntand madiinaionsof It 
\ butnot pat cftheintafa[sthediait proyanmane 



to change the I nternai worki ngsof the structure w 
dxxjthav It will ^ect the d I art prolan me". In 
eianpleinthelaachapta-.youmi^wafttoEll 
inbigctunk^foTEpeai, rSha" than treaing new 
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deaiy std:ellntheslni<turededa^ian(the"conlra[l")oiha/( 

appffif morethai once The^ rffett ell them embers declEred dta 
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Here'sthesoluacn.No(i(ethd:T:iO(')t£l<estheiGl*BJo(£rX 

cfcjed:. This IS ai tied because the corn pi I erdwa/s knew shew to 
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compila- rnuS seethe atire Srudure drfinition of >C to knouv the 
Hzeaidhoiivtopasitbrforeit^loiVByoutodada-eafunctJcn 
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nane soit'sOK tord^a"toitaBlcng£Eyoudont re(fjlreaf^mcr 
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mthnoprablan. Ifyoutriedtodeda-eitbdorethecompila-had 

TN5isasrf^fedureto3isureconast3ny aiddiminaebugs 

Maacethetwootha-frlBndfuncactKThefirstdederesai 
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beusedlrtsmaj' toamultaiecusly dedarethefund:icn3To'giveit 
frttrdadusThiseftmdEtnatirearucturES 
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apEft ai a" £d(t"ess1thef I rstagumal) to apEfli Oil a" v^ue (the 
5Eccnda'gunaA}farnb^espaEt1}ie stating aldressbi IS the 
ttiirdagumat). Of coffsaycucouldha/eamply usEdaloopto 
itcrSettrcu^dlthemanory, butm«nset^>saial£de™dl- 
t:eEt€d1soit'sl€EsllkEJyyc)u'll introduceaierror), aidprob±ly 



C-i-i-isafybnd object-oriented laigja^ not a pure 
frlcndwss added to gdaoundpracd^ prcblstist 
1 1 'sf I neto point out tha this makes the lagja^les 
becajse C-M-jj desjgied to t>e pregmai t not to api 



Object layout 

Ch^3'4S^Edth^^5tnKtwnt1:aifcraC cxxnpils'Gndl^a' 
ccfnpiledwIthC-H-maidbeunchai^. This rd^ared prima"! 
to the cbfell^outcf the struct thdl^whErethe^ora^fcrt^ 
IncfividuEJ vai^eslspostionedlnlhemEfnory dlocdedforlj 

objel. If theC-f-+canplle"diaigedthel^cutof C dnjife tha 
any C codeya(jwrotethd:lna:VisatJytod:a[JvaTtacecf 

knowledgeoTlheposlionBGf vaiGbleBinthestnidwouldbra 

cccnplddy jntotheC-M-redm, and things diangea bit. Wilhin 
pErti ai a" "assssblaci;' (a ^"04} of deda^dBddlmlte:lt^ 

onli^Gusiy, EGlnC.Hcwa/a.thearEsstJcxkBm^nct^pE 
In the cfc^el in the crda"ttd:ycudedaEthan. Although Ihe 
ccmpils'will (/ff/a'/Klaj'thebadisoutacally EGycuBeethan, 
IhaeisnomleGbcutJt because a part aJ a" madiineadiitectL 
and/ or cpaaing aMronmait m^ ha'e eipllat support for 
pitvataaid pratKtsdtha might requirethnseblodcstn bepla 
in^ead manory locaionsThelaigLjagespeificdicndoesil 
wait to restrictthi sklnd of adi'aitEge 

AKSSB^eaflasa-e pat cftheSructureaid dent rffeO: the 
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" reg oris of stcrs^ aid ndhing more It ycu reel ly wait to. y( 
caibreekdl therules and axessthemanory directly, asyouc 
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ffethemanbffscf irtffestfirBLlhffithe^ CEni^oreEnythingth. 
saj'spifvatofndeed.thecxtly reasons dl the ether mem ber& must 



ay Htwe/er.inprqedswllhmay ^(tod 
xj inuld anuetoa^dd. butwhidi is 
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iSof apudi-dobvnaack. Ith^paistobeimplanai 
lid. but you 01 diai^tha: without Meeting wha 
irog"Gmmerlnteralswith, or{moreimportGntly)aE 



Handle classes 
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araaiTipilaioncfafHeifthSfHelBtaudiedlthais. minified) cril 
anotherfilelt'sd^aidatupan-thaisailndudedheedfffile- 
ietoudied. ThiemeenBlha: ar/ fimeyoj mekeadiangeto adas^ 
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Bia-dBeBinaStash 


Fadithanojta- 


KlpnntthanHfy 


ojha/enctdreai; 




need to add Hm: 


:prin«). 


Copy theimplem 




ilsforstadiin 


ClEpta-4sDthd:youc£rampilei 


jndtestStadtZhin 


thisdi^ta-. 






Pla»ot)ectsii(th 










ojha/enctdrea*; 


done sayni will 


needtoaddHmi 


sprirWl. 


Modify ChssMrt 


inHaidl&Vpa 


idvaifythaycur 


prcjea menage- r 


etcmpilesEndrel 


mksonlythisfilabu 




^U«Har>di>Lc» 




C rfae a StadtOn Irtd ass (a aak tl 


nahi!ldsliits)usng 








Btrudiureyou use 




jtBinadascdIai 






iofSta*lmpcne 


thaussafm^ 


ength ara/ if Int 














EndingtheaT*in 




J otethd the StadtOII nUid ss doesi' 


ha/eto diaigewi 


ithStBdclnp 











6: Initialization 
& Cleanup 



was irtroduced ThisgvesthedassdGs^s' aw^ toest^ldi 
dea" baixidEri Es f cr cMEfml ni ng w hd the d I mt prog^nm? 1 5 
d loAred to mai piJae aid whd is off limits ItmeEnstheirtend 
mediaiiHnsaf ada:a1ype'sopa"dJona"e(jnda"thecQntrQf and 



Togaher, aKspajtaionafxiaaHBsa/trd makeaa^ificatstq 
inimprotfinglheeEEeof libfEfy usaTheccnc^t cf "n&v dda 
lype'th^pro/i dels bate" in somew^s thai the eii3ingbuilt-i 
ddatypesfromC.TheC-i-i-ajripilercairKwprwidetype- 
diEd;i ng gua^itees for thd da:a1ypeaid thus aisure a I a/d cf 



sgnentcf C bugB occur whai the proyEnmerfargdstoini 
crdEsnupavai£bleTfiisis€^€GdlytnjewilhC libraies 
lizeaEtnidari 



Esnftaidon 
hrag"annia i s f creed to 



jseaidtoelimmaiethemefvsubdebu^thaocx 
rt prolan me" fcrgasto pefcrm these ativ it es 
eiami neslheffaures in C -H-tha hdp gjaaitee 



Guaranteed Initialization with the 
constructor 

Both theStadi End StadidsGSEsda'insdpre/iGu^yha/ea 
funai en cdled inlttaliZB( )whidi H<tsiv itsnanetha it dicid 
becdied bd^oreuanglheot](etinafT/atha"w^. Urfoflunady. 
this meai&thediatpro^anma" must aeura proper Initiaizai en. 
'■ prog-an ..-,..--.-.-.- 



iar headlong n 


J*tC 


im*eyeuri 


msiinglibray 


sdvethar 








>olmpojta*to 


lea/etothi 












./avofcietttyf 






fundnor ediedtheflnjffu 








ila- eutomaieaiy cellstha 




epnintennhietf 11 


icreSed.brfere 




nta/enenept 


nga 


(''thedl^^p 


rcTa^^itr 


Bpafomiei 




nttheob(ea 


sdrfned 




henert hellai 


ges 


V ha toner 


thisfuncben.1 


■ha-ea-eh^ 


isuesThefi 5t 




erynamey 




iingthaea 


□tatidlyda^ 


^* 


anaieyou 


etheeomVa^ 


Br4™b 


^Imgthseona 






a,5km~whi<h fundi cot 












lenaieefthe 


ona 


uetor sthe 


aneasthenan 


eoftheda 



theot^ecLButmhailheprogan reahesthess^r^^jte/o/jf (point 

ofe.BuHcnjwhaEaisdrfinad.theccnstiuctii-iBidlad 

ajtcm*CElly.Thais.tiiecompila-c^idIyins6rts1hecdltoX=X() 

furthechiectaathepdrtofddirttiiiiiLikeai/manba-fijndim, 

thefir5tl5a!-*l£rguma*tolheciinSructorislhethi«pcinta--the 



Likea^funa 



you with a w^ to gua^tee 
cr tha takes a a n^ e I ntega" 



aiotjectai/otha-ma^. We'll lock a mult pleca 



preceding CDdefragnent, fcr ooiple ycu dont seal eipj tat 
funiliancdltosc(nelnl«aliz((»uncBcnthS!scmceptu£lly 
5^£ra:efTomddiTiitK)r. [nC-f+, ddinibanaidiniliEilz^ionEre 

unified concepts - you oil ha/e one without the ctfier. 

Both theoai^-urtor and deiruitor areueiy imuaiel types of 
funcbonsttie^ha/enoraumueluaThBsisdistincdy diffa-ent 
from avoidra:urnvdue m whi di the funcB en rSurns netting but 
yousBII ha/ethecpjcntomckeitsanahingdse ConSnictorB 
end deaructorsr^ixn nothing end ycu dent ha/eai opticOr The 
eils d brngng ai otfect Into aid cut of theprog^n ae ^ecjd, 
like birth end de^ aid the compila^wa^sm^esthefmd:! on 
ceflsitsdf, tomekesuretliejrh^pen.lf Ihaemaearaurnvdue 
aid rf you could ^ect ycur owa the compile" wculd sotndiom 

prog'enmawauldha'eto&ipliatly ceil ccnstiuctcf s end 



Guaranteed cleanup with the 
destructor 



3cmahjngcnthescrea\ cre^loc^esstcregean 
|ua fcrgd ^Mut it ycur ofc^ed: nei/a atiie/es d 
froiTitHswctld.lnC++.deaiupisasimpojta« 
end Istha^creguerateed with Ihedeslnidcr. 



Thedeaructoriscdlaiaitcmaicdlybytheampila-whefithe 
cbjed: goes oA of scope Voucai see wha"e the ccnsJnictorgds 
cdled by the port of dd^initian cftitedoist but the only e/idsK 
fcrad^ructQCCE^l rBthedosngtracerftheBct^ethisiprounc 
theobgecL V^thedetmilorisaill called. e/aiwheiyauuEegol 



: librayfuictJcnBSelJmpOEndlon^npOdc 
Empllffdaeastimplanent ittfiaw^. ReJyingonafedurel 



^ngttieffauresrfco 



H ?€ sthe output of the ^xve prog^n 



Elimination of the definition block 

InC.ycumuEt GJw^Bdd^ineGlJ thevari±jEs^thebfgnnir^cf a 
tJod<.dta"theapaiingbra£Thisisnotaiuna)mnicn 
rec^lranmtlnpro^anmlnglaigu^e^GndtherEaEangvfnhEG 
cftGnbeaithd:if5"gocxJproyanm[ngslyla"Onl:hispoint.l ha/e 
my gj^ldcnalthaBdmaj'5 5fanedirK(]rwHiigittome as a 
prog"anma", to pop ba± to the begi rifling cf a block aeylimel 



inlti^lz^onlrfom^cndthebegririingcif ascop^lnthegakTEJ 

prtvatatfis^a^cnaTddiriitianaHilnitiEilz^cnisno 
prcblan. Htwe/a". C-i-+guaatesthd:whai£r(Ai(eti5(rea:ed, 



the I niti d Iz ai en 1 nform* oni. 

l^^thelai^£^woiidntbefE99bleifyouhadtodd^ine 
«ai£desathebEgnningcfa5ccpalnfaa:,ttieayleofthe 
iGn^a^ssnstosKourEgethed^nltionof anct^edaBd^ 
itspointoruseaspo^blalnC++. ar^ruleth^GppliEsto? 
"ctjecfaitcmaicEily r^astoaicbjelcf abullt-mtypeEG 



msi- 


haaiidaBsnbjatiirv 


li^ecfa 










nsthSyi 












dw^sdrfneaidiniH 


izeSthe 


aneflme 



donate nnthertha-haid dossnotellav au£fi*letobe 
dd^i nedayw here eicq>td: the beg nningcf the HBpe 

I n gaierai, you diould ddinevai atJes aB d osetotha r po nt of use 
aspoEable end dw a^ sinitJElize than whaitti^ Ereddined. (This 
isastyliaicsj^eSrcnfor built-in types, wha-einitializaion IS 
opticn^. ) This isas^^ issue By reduongthedur^ioncfthe 



"ndfcfthtothebHpnningcftheKt 



for loops 

theforaipr€Es 






(wNc^youcamotdoinC). Th^a"ethena/aldjleforuBeinth 
forlocp, It'savay con/miHit ^ntai beaisethe content rana 

sjdi unga nly nanes £b l_loop_oiuntfllf or daily. 

Htwe/a". same a]ffusi on m^ result if you Q<pet the llfaimes' 
thevaiiilesi aid] to ectaid b^ond the scope cf the fcr I oop - 

Ch^a- 3 points out tha whilesrd swKdiaaanats el 50 el loit 
ttieddiniTionof objettsintharoaitrol eipressons elthoughthi 
us^e seem s f er I ess I mpoftat then w I th Ihef or I oop. 



v7i±JethSisglDbd tothdsapelsconfuQngakd 

I findsTiE^I scopesaifndicdiarof gooddea^ If yo 
p^gesforasn^efundiion, perhaps ycu "retrying to 

usd^ul, t>jtlt's£iH>e9E]a"toflndbugE 

Storage allocation 



pciil:cfddi™acn.lfs£(ludlymiice!lkdytii*thecompila-mi 
fdlojv thepracdceln C oTEJIoc^ngEil theEtoTEgefor aEcc^Gc 
Iheopsiingbracecif Hid scope It doE9)t m^e* becaus asa 
proganma". you call axess the Etar£^{ak.a the cb^st] urlil 
has besidrfined'. Although thestor^eLsailocaied a: the 
beg rifling of the Uodr. the conarud:or call doegit happen until 
squsKS paint whse the object Is dd^inedbe:3jsetrieidmbfie 



Inlhecode^Mhe bcfhthegtrioEndtheswItdicEr 

chjett will thfn bei n Btope a/EH if the construaor I 

cdled, sotheaanpiler^esaiercf message Thi? 
guarateGsthaancbiectcEfinctbetreaed unless i 



stash with constructors and 
destructors 



lnltlallze(^ddaiup(J 



ThecfiJy mEfnberfy dcnd^ 
lnltldlze(^iddwHip()wl 
ccndnjdcr aid dEdructcr 



Vcu 01 sethdthereqiJraKurKtions jebang used to wach fo 
proyanma" arcra rnaead cf assHlt) The output cf afa led 
■notOisnotaEusa'ul aBthacftherequirbihfunctJcnslwhidi 



iseinf|de(]spn aetheonlywa^ anquinOcouldfal isif 

■ Irfldel) fyouae atanltiiscail:hipBi,youcmid 
ia 3T\tfj ivj here(|ulraObutyaum[^kE^ln[iundthd 
edass sdEble aesdwa^Btheposabilltythdnew code 



dearuitcrsa-eSill aitcmaicdiy cdled 


vhailnlSla*md 






OnethingtobeavEfeofrntheStatha. 


mplesi mbangvav 


carfvJ to u'E only builHn types thS IS 


hcsewithaitdestiuct 




the Sta* you'd run 


irtodl kinds of prcblans end rt waildn 


workr^TheStET 




piFscf objects into its 


ccrta IHS but tti B 1 s a rahfr mfffi/ and 


complicaed process 1 


thefolliwing Stack sample youll seet 


apointersa-eusedto 


Bidestq> tti s 1 ssua aid 1 n a 1 aa- ch^a^ 


heStadiwill be 



Stack with constructors & 
destructors 

RamplanaiBngthelinked list (made Stadtl with I 



not only eI locoes a nsM link (usng (tynanicobjed: ce^ en with 
lheke^wc)rdnsKlrtraducEdlnC]h^3'4), butlt^sine^y 
iritj^izcsthepcintasforthdlirik. 

Ycu m^ wcnda"wi^ the destructor for Link doeaiT: do ar/thing 
-mpatJoila-.wh/dDeEntitddtfethedMpcintaTTha-eGre 

waspciited out thayou camot propaly dddeavold porta- if it 
pdntstoaiotjecKaiassationthamill beprii/EiiinCh£pta-13). 
Butinaddtion. iftheUrricdESructorddaEdtheddBpoinle-. 
pop( Iwculdaid up raurrtngapdrta-toaddaedotject which 

of (»™-jAfttheLir* End thustheStadtctily holds the pointas 
butlsnotreqjonablefardeaiingthHnup. TNsmeensthaycu 
mustbevay caaullhayouknDW who^jre^xmaOaFor 
e(anpleifyoudontf«p()aiddil*i^Ithepontasonthe 
Sb«fc th^ went ga desned up automaicdly by theStadc's 
dEarudcr.Thiscait)eaaid^i5Sjeandlead5tomanofy ledcs so 
knowing who is rssponablef or dealing up aiobjedoimske the 



Beaiseth allocaonsiddeaiupcftheLir* bjett a hiddm 
wlhinStai* t patcfthe niaV, g plai eitaicn you 
dent Bee t hEppsvng tfi tea p o^ar although v "U 3" 
e^xmablefordeJ^ng the porter th^ a\ ta^fron pop[) 



I dgiarequlretJmeBsagethaw 



Aggregate Initialization 

An^^fl;cteis|ustwhaits>jndslike a bundi of things dump 
tcqaha" TH^d^mition I ndudesagg"egaeEcf mined types Ilk 
sliuct aid dasffiB A n arra/ sai^yegaeiCagn^etypa 



dbjectthdsEnEg^^gd^efJycumLJstdo smdieaiasa^inient. 
aid the intid dionm II betdtaicaecf fcytheompiler. This 
ass^vnatoHiies ne&s^fJa/ors d^md ng on Ihetype cf 
^^-egdsyou eded ng with but n^l ceGesthedanentsinthe 



i sijiteample 



Ha"etheccfnpila"w II uffithefirst nt^Lfffor the first ar^ 

ETT^ without alldcflniti^lzersS:] the e^preson^xA/eisa 
sjcdnctw^ to initiEiizeai ar^ tozao. withcut usng af orloop. 
aidwlthoutef^possbilitycf an df-!^ -one aTcr{D ^aiding en 

theannpiler, it m^dmbemare^datthentheforlocp.) 

A second ^ofthaid for en"^sisa//a7f50caKr?fff^, in whidiycu 



3U ha'eEn araf tf such cbfets yc 






If aiyoriheddamanbTSGceprtvtMwhidiis^picGdythecaEe 
farawdl-dFS7iedd£EsinC++l, crejaiif e/syihing'spublicbul 
tha"e'saa)n*udar, thangsErediffaaiLlnlheeianpleBdxwe 
The I niti d Iz as a"e £^ ^led di redJy to the d anafls of the 
^^egiebuttBnBOuctcrsaBamaj'afforangiriitidizdicnto 
occur throu^ afornid Intafaa He's thecc)nslrud:(y5 must be 



1 eectfEdsGndthrEeccnslnjcicrcdlsAnytimeyou 
nstruitDT wh^ha-|t'BaEtruItwRhdlmEInbe-BpuMlcc^ 
h privatadaa manbo-s d\ theinitJElizaion muS go 
he cnanj(tcr,&mifyouTeuangagg-ega:e 

Ecxxideianpie^iavingEnLiltiplecxxidiuctor ErgunEnts 



Default constructors 

g«ai ay dials. Fcr aorpla if youtEkethestnid Ydrfine 



the rampller will axnfSanthait ca- 
ThescnndchiertintiieaT^wats 

conanittcr. Infat if yoj amply dd 


ineaiara^ofY objeas 


thetcmpila-ivill complanbccaiEeit 


„™.'X"'" 


The SEm e probl em occurs if y cu <rea 


eaiindiuidu£lot)ectliki 


ccnBtiudnin^K^^heppaisrega^di 


Esscftheatuaion. 



The drfeult ccnstmctor i s so imports* tha //'(en 
no oinstrjrtors for admdire (struct or datd.th 
ajtcmdiceily tredecneforyou. So this works 



If any ccnslnjdcf s Eredd^ined, 



beoutcftheproganma-'scontrd. Ifyaiwatthe 
initiElizedtozao, youmuadoityourBdf tywrtin 


^th^drf^it" 


conaruacreipliotiy. 




Although the ccmpila- will (reffeadrfailt ccnslrjc 
bdiaiior of thecompila--9/ntheazed (cnstructor is 
you WETt. you Ehculd treS thisfeSure as a s^Sy m 
Epar in^y. 1 n gaiasl , you diould drfineycur (cnstr 
eipliatly and not ell™ the compila-to doit fcrynu 


cfforyou,t 
■a-ely whS 


Summary 





prirtssom^ngtotdlycxithait'&beaicEiled. In 

nrini Im^eai abjat of ycur dsES. 

Add a dcaruitcr to EnadEe 1 tha prints nut a message 

Modify Ban se2sDthd:theda6s contains 31 int 
manbs-. ModifytheconamaofsothaittEkesanint 
argLflnent thi It Sctes in Ihedass manba". Both the 
CHiBtmctcraiddestajctcr^iould print out theintvdue 
aspat cftharmess^e so yctj can seethe cbjels as 
th^ ae credial and datrtyed. 

gotoisusedtojumpoutcf aloop. 

Inthefira, dd^inetheiocpcountabd^orethelorloop, 
End in the sennd. ddinetheloop axjnta in the control 

e<adse modify theidaititiamlhesaDndforloop so 

Uia It se the sane natie as theloop counts fcrlhefira 



I odify the Haidlah Haidldqip End UscHandlcqip 

seEg^fgSeimtpdizSiontocreaeEnErT^afdiMlble 
iwhi di you ^eaty the aze cf the ar^ but do not 
ra/ideaxxjgh danats. Print cut this ar^ uang 
Izenfto daiaminetheHzeof the aiaj. N oh <reae ai 
T^cfdouWausngEQyegSeinitidizScnaTfl 



Fi nelly. popthesMnjf off ycur 



zeoftheEfr^ 
itwetfrou^ It cdlingyour n&f maiiifffunclian. 
eadEeswIthcutaT/candnjctarsaiddKwlhi 
aicreSecbjeds with the ddaJt conarudcr. Hon 



7: Function Overloading & 
Default Arguments 



Whenyoutr^eai object {aval atJe). you give a name to ar^i on 
cf storage Afunctionisananefcf £na[tcn.By makingupnanes 
todeGoibethe^aanahand.youtreaeaprogranthaiseeaa" 

fcrpeopleto understand End dnange It's alotlikewntmg pros - 

A prcUansriseswhEnm^^ingtheccrK^cif nuaKslnhumai 
laigus^artoaprag^nminglaiguagB OftEn, thesanewcrd 
acpressesanifnb9'ofdHf?Ent meanings d^>9iding en ccnte^t 
Thdi^aan^ewcrd has miitiplemeaiings- it's o'ffAs^^Ttis 
isvEfyusdii.Eq)Edaily what it cones to trvl^ cifFersKsa You 
sa^ "wa^the^irt. wa^theca"." Itwould beally tobeforced to 
sa^r. ■^rt_maehlhe^rt caf_madithec£r"ju5t sotfieliaaia" 
doemt ha/eto mdieany distindian abcuttheadicn paformed. 
Humai languages ha/etultHnredundaKy. so a/m If you mi ssa 
fart word^ycu can dill daariineUiemeEnir^ Wedont need 
uniqijeldaitlfia"s -me can deduce mcEningf rem contact. 

M ost pri^ramming I angu^ES hoivejer, requi retha ycu ha/ea 
uniiijeidatifia-foreaclifunaion. Ifyouha/ethreedifferattype! 
cf daa tha you want to print: Int iha^aidflodtyGugen?dly 

prlnt.inH ] prtnt_di>1 ) aid printJlod( iThis loals aftrawork 

cnyouasycuwntetheprog"afn, andonreadffsaEthe^tiy to 

lnC-i-+, anc(ha"falorforcesthe(valoalingoffund:icnnamea 
themnslnjctor. Be:ajsetheconanid:cr'snameispre6darnlned 
b/ the nane cf the d ass it wmJ d seen thd: there cai be ctily cne 
ccnstrudicr. But whi if you wait to (repeal object in morethai 
c)new^Rra<ampla si^ipaseyeubijldadassthdcaniriitiailze 
itself in a dandadw^ and ^sot^ reeling irformaienfrcmaf lie 
Ycu need two construdors one tha takes no agjmaits (the 
dd'ajl t (cnstnictor) and cnethd: takes a dilngas an agjment. 
which isthenameofthefiletoinitializetheobie± Both ae 
constnjdofssoth^muEtha/ethesamenane the name cf the 



diff a"Hit a"gjmHit types. 

A [thou^ funclion<wal oai 



We'll lock a £ll thesefaaicrsm dSal throuqhcUittiisih^a- 

Funaionn/a-loadingdlwvsyajtousetheEanenanefordiffa-Ht 

m^^Whm fundi onsha/elcngagumsTtii 3a klcEfi became 
tedious to write {aid ccrtfusng to reed) thefundi en CEJIswhm 
moacfthecfgumalsaethesanefordl thecals A tanmonly 
usGdfea:ureinC++f5C£iledo^^fa'5twff?& Add^ajH:a"gjmmt 
isanelhecanipila"ln^rtslf itlHitq)eaf edinthefundioncdl 
Thus the caislCMIol f ("111-, 1) and fltiowily, Z 'i?)zn £ll 



SEin^e 



More name decoration 



H ffe'swJy. Suppos 



^cbdHEpeThecompllffcaitgenerdieuniquelntemd 
idatifi ETS If it uffscfiJy the scope of Ihef unction names You'd 
upwith_printinbc(h(a5eaTheicleBcf an o/erloaied fundi cr 
Ihiyouusethesfnef unction name butdiffffent argjmafl:li3 
ThusfortvsloaJingtowcfktheccmpElermuddeccrdethe 
fundion nanewith the nanes cf the Efgumait types The funcb 
above ddined ^ ^otd sxipe produce intanai naneslhSmig 
lock somdhingtlke_print_chiraid j)flnt_flo*lt'sworth not 
tha"e isno 3andadfor thew^ names must be decerned fcy thi 
compilff, so you will seevay diffa"at resultsfromonecompiN 
to anoiha". {You caiseemha it lookslike by tdJtng the compile 
gaierdeassantJy-languageouEp(i:)Thi^ of coursQ causes 

standadized, IhaEwculd be ctha" roadtf odes because of thew 
diffa"ent cccnpilas^isaecode 



Overloading on return values 



E£ningfraintheccrted.asinintx-f(l;Harte/a-. inC 
e^wa/sbfai^etoc^l afixKlicnaidi^uretherdixn 
(thaisyoucaicdlthefuicBcnfaritssi*sfeffl).Hiw(cai 

! I sthe cfiff I oilty the reEda" has In kncwi ngmhidifundian 
me£nt. DvEfloEdlngsoldy onrdixnv£juelsabittoosi±d^ 



Type- safe linkage 

Therels £n Edded bai^ittt 
pEftJculaiy 3[d<y prodefn 
proyanmH" mt sief ares a 



tycuwill indudeltie^iprapriaeheEda'filE 
erEEsnycu Sill mEnEgetomlsdedErea 
edsfingtyhaidcfinduding the wrong 



the SECxmd fll ^ the func£ 



3t ded a^an - US: thefuniin 



Overloading example 

WecEfin™ modify EEflia- eianples to usefunaicrwaloading. 
Asstaedbd^cfe animmediady usd^ul plaefortwaloGdingi&in 
conBtructcrsVoucaiseethismthefolloivingvaBcnoftheStasIl 



Thef rd StaihOccnstiudcr isthesaneES I 
one hee a QuaitHy a^mat to i nd cSetht 

5tcr£gepl£eestobe£(loca:ed [nfhed^riiti 



thecEll tolnflddlnltQiuntlty) 



unions 

AsymVe Been, the ally diffa-eiicel>aweaistiu<tanddassin 
isthaslniclild'eultstopubllcanddaBsda'ailtstoprtvataA 



A [though the mfmbfrf 
from Bdelingthewrcf 



iJeif youaregdngtoimmediady 
leinthefuture S)lhetypenamei5 



Theuniorhasnolypen 



Notethayou access manberB cf ai ac 
Ih^wcreordlnay van EbJea The only ( 
«ai£des ociupy Ihe SEme^as If thei 
anpelouladeEllfuncUcc 



iai^SijpBV»isniw s^aitsusd'ulnessisabildubiais 
iiBetheresEmforuHngaurliininthefirdpla:Eistosaie 
:e£rdtheadditianofvartypa£kesi^qi»teabitof^£ce 

iiuetothedSamtheuniim sothesa/ingsaerffettivdy 



wcikEde If thevartypBcontrolledmcf ether cneunloninS 
ifthe^ wa"e£il the Bane type -thai ycu'd only need cnef or 
gDup£rdltmcuJdnttakeupmore^a:s A mcreusd^ul ^ 
istoh*e#lld*ai>unddlthev«^peaidawhichc3ithE 
guarateethingB Ere bang used ccfrejlly during dad cpme 



Default arguments 

In Stnhah aodinethetwoconarudiorsfor StasW) The^ den' 
Effln ^1 tha diffa-Ht doth^lnfal theflrS ccnstrjctof sran 
t b ^eodcaseofth secondon wthth nitjel dzesetto 

a It btof mea rfrffnttt aea aidmantantwn 



31 eijVi\h(^ailtErgurna> A d^ajl 



wththe n^ fuidicit 



tashUntinOI^ I 

V objatddi ten 



Jtcmai cdly subsBtutal ty thee 


ompila-w 


haiitseffithefira 


-gjmat IS 31 lilt md tha tho-e 1 






xnpilahESSEaithecl^ailta-gumEit, soi 




i*e»iefmttion cell if it subaiti 


jtesthiBEE 


ccnd a-gjmait, w\ 


iwhaynuVetddittodob/ma 


king It a di 


iaJt 


tfajlt agjmatsaEa corwaia 


ncasfun 


cbono/aloacingi 






aan^efunitiann 


idffH-atatuaionsThediffaB 




with daajit agun 








agoodplaEtnuH 


^EuKsoimaitsinaGadcffunc 


Hon CMaliiEdnq: iiltwwise\ 




i5thah3/< 


BsmilGragiau^e 


mil£fb#ia/iorslfthefiiHlions 




diffaatbehailor 


oeaituHidlymAeBmEetouse 


d^aJta 


gmiHtslfcrti^ 



iFscftheddailtETi 



Placeholder arguments 

Argumals m afuncEion ded et^ en CEn bededaEd ■ 
idstifls^ Whm these Ere usEd with ddaitErgumE 



InthefixKiionbacl/.XEndfitcaiberdFrsKEd, but net the 
mIddea'gifnmt.bEcajselthasnanEmBFixKtioncEilsmuEt aill 
prii,/ideavduefcrthepla:ihddEr, ihau^ fQ)orfa%^<lThis 
9^nt3c dlcwsyoutopiAthe a^m mt rn as a pi ac^d d? wIthciA 
uang it Theldealsthayou might WEnt to chaigethefuncEion 
drfiriitiantou5ethepla:rhdderldH", without diEfiglngEil the 

Ihesanelhing It/ uang ananEd Ergumat. but if you dd^inethe 
ErgunHtforthefundian bod/ without uang It most ccmpilffs 
will gveyouawaningmESSEgeassifnlngyouVemadealogcd 
arcr. ^Intaid end ly lea/I ng the aguma*nEine(xA,ycu 

Mofeimportat, if ycu Btart out uang afunOion a^mait End 
ISErdfadethayoudontnEedityoucaiafeaivdyrEmweit 
without gaia-aingwanings EndyEt not disturb ay diat ODde 
tha WE6 csi ling the prs/lou5V9"3 cyi of thefundiion. 

Choosing overloading vs. default 
arguments 



A McncfajecthGldsabloikcf bytemdm^FESjrethaiyDu 
mau^ drra^ The d^ajlt conBductcf doeait GJIoc^e ay 
acra^ aid the seccnd ccnslructcf enajrestha: tha"e is si &tt 
intheManofaied:. ThedEarudiorrdeeBestheBtiiEgamslial 
you how mar/ tyteBtha"ea"eajrrenlJymtheM«lcb|ect, a 

(MonisafarlyloA-le/dtaoD.Thae'saiojaloadsduasGt 

polnleriJinwhichdiEitprog 



prIvrtCBUunM i nSi»( tnen 



You csfiEEethSHiaieMlrSlzedEthecnly function re^cngb 

conBtructcr aid the second wal oaJed f am cf polnteKI I ng de 
cnunMinSizednctfingneEdstobedcneiftheslzeisla^e 
axxi^. If n&v acr£Qemustbe£iloca:edinorda"tomd:ethe 
blod<big^{whichiBEisothecEffiwh9itheb^od;]sor3zezfra 
rfta-drfaJt conaructon], thene* -ertra" pojflmissStnzaD 
uangtheSlaidaTiC librayfuncBcnmansatOwhidiwaB 
introduced In Ch^ffSrThesjbsGquaitfunctioncd 1 15 to the 



ErdC libfEfy fundi en mamqiyOwhidi in this (EGetcpii 
ISingtyteBfrcmmcnitorKWinanttyplcGily inai^m* 
n). Finally, IheoldmHTicry isddEtedakdthenSdV mane 



imjrirfythe anory anagar at{t could also bei 
ean ere soph sbcaed emory anagaf ent^stan 
Q-an pie b^ theopardi g Spfstaf ) Approprididy, it 
ebjo-eangagmpl tn g las 



AllyoucEndowih hs ass □ edii'BMyStrIng on lEna 

MBUbiinotethedtnctonbaw^itheddajl conaructcr 

crE^EsaH«n3ida]f]lEsd^aintolLTheaiv7]t^eaf1heddaiE 
con5tructcri5thayQucana"ed:eforeianptaal£rge£rr^af 
anpty MyStllngcb|ed:5vay diffipEy, gnceltieazeof eediotied: 

isonly oneporta-aid theonly iwa-heaJ of thedrfaJt conaryd:cr 
isthSof aEs^ingtozao. Thecoacf aMyStrinjDnlybeginsto 

(reaedif itlaait beGndready. Htwe/er, if ycuuselheddajlt 
conarud:cr£ndna/H"ccfKa:aid:eaTy daa thedatrucEorcEil is 



saprimecaididaefordd'sul 



aeyltii ng will work cc 
dfldsK^ bfndit sntsj 



TNsmEfis. in dfect IhSthedrfailtvEluebaHmeE aflEgthS 

v^uerBysd.Althoj^rtEeanBjnnocHtaiDughwithagviEll 

prablans If youha/eto/iotfarthedd^ajltrdherlhailfedingFt 
EGEncrcinEry v^u^thd^oiidbeaduethdycuwlll End 14} 
wlth^Ediiv^ytwo difTasit fixidi ons Ins de a an^ efixidi on 
body; cnevH-aonfcrthencnnd caffi aid anefcrtheddaJtVou 
mi^aBwdl^ititupintobvodisUndifuidJcnbixliesaidldthe 
conpila- dothesdecdcn. TNsreEiJts in adi^ Ibut usudly 
iiviaU^ intreaBelndfldsKy. be:ajsethea[tra£rgumsil |9)1 
pEGSEdaidthee<trBcodefcrtheconditicnd l3it e<ecjtGd. Mere 
impcrtatJy.youErekE^ingtheccxJefcrtwoE^ardiefundionBjr? 
lwosEpaaefundiansra:ha"thEn combining than Into one us ng 
d^BjIt agumst^whidi will result in SES? ma nta nab lity, 
e^eodly ifthefundion&arefa"ge 

Onthertho-haidconada-theMenidaEslfyculookathe 
drfirttionscfthetwoo3iarjd:crsaidthetwopolnt«ri)fund:ions 



It Is). ThemoS impcrtat Isue 
prog^nma"). If these produce. 



iw^stixiefor^roffiiy if 
necfsay butthedfectd^adaEslhdlsdes^iedtiadiy bEcajEe 
proy£fnme"ls(wa"-foajsedandfidaK^IS9ieGcaibedireyoi 
primsfy oncan diould betha thelntafacemskes EsiEeto tho 
whouselt End who read the resjHing code rjoticetha: In 
M c>iiTcatq>pthe us^e ofMyStrtngdoFsnotdienge regadi €e 



Summary 

As agulddlne you ^culdnt use a dd^ajlt agi 
whichtoconditicn^ly eie:uteQideyoudv]ul 
function IntotwDor mareth/EfloaJed fixKticn! 
d^Eultagjmat^KMid be av^ueyou would 



rest so. 


diait prncrsmma-5 csr genersl 


lyigncreit. 


or use It only If 


the;w£ 


ft to die 


ngeitfromtheddaJt 


value 




Thedrf, 


ajlta-gj 


matisindudsdtom^efmdion 


caiseasia-, 


e^ead 




IhosefuncBcnsha/eFT 






v^ue^l 


^Jrtonly 








readthi 


m, e^ei 


idlyifthedesso-ean 




hea^umatss 


theles^ 




ddrfcjItseppeerlSeE 


tmthelia. 




Anf^f 


a^lyim 


pcrtentusecfdrfajlt. 


a-gumaitsi 


BwhaiyouEta 












fcrawl- 








:s By drfajltini 




avcrgui 






deugngthe 


pre/icu 


Binterfs 


s, snot disturbed. 






Exercises 




























1, 


CreSe 


iaTaHdassthSoatc 


insasMngotiecttohdd 


















-that*:esi 


isWng 




er^m 


lentthaisthenameof 


thefiletooi 
bo-cb|a:t.fl 


DaiWhaithe 




ir^'i 


JiOTiKntrtXorSurn 
3e printed. InmdnOi 


thesWngs 
jpaiafileu 


oHoreianple) 
a ng Tart end 


2. 


CreSe 






rthitekesa 




sn^e 


sWrgwithadrfajltv 
a-rtringandmlheco 


^r!,^^r 


nplyasg^the 




a-guneit dri ngto ycur i nta 


Tddringl 






iweri ceded manbff findicr 


,Bce(ledprin«)onetha 




t*esi 


wa^guneitsTxi amply prints thi 


amesse^Sote 




:t"plrnt'nredd,t"^torew 


■a...es^.o.lt.* 













I alntagumats. rtspeaivdy. CreSeamdrK] 
5ancb|ectaf ycurdsesaid CEilseahofthe 
jnc[ianB.Now modifythed^msoit hse 



drfajlted. DoeslhiBdiaigeyourmilnft 








nalnOMavmEkeoneofthea-gjmatBa-plaz^iolda- 


Imidatifia-l End seeif your cElhrnnalnDdia 


ngaB 








or by 


mdilngtwodiffaHitvaaansaf aStaBhabied:. 




CreaaanavvaacnoflheStadtdaEslframChEpta-B) 


thSccrtansthedrfailtamstructoraBbrforaE 








pdntastoctijedsaidthegzeofthaafr^.TIi 




conSnjctcr^uiiildrmvathroughthaara^ and 




ea± pontH- cnto theSta* Testynur dasswitl 




cfrtrlng 




Modify SupoVffHithatha-aEfe#|ld*ai>u 




vartypKodeasdesoibai inthaEationcntnum Maka 






instance and modify prinK )sotha it requires 


avsrtypa 


arjjmeittotellitwhatodo 




lmplematM«ni2Jlaidm*asurethathamo 


dified 


dasB still workswithMcnTatqV 




UsedassMantoimplaneitStaiftNctathalffcajse 








to be 







takes the result of a csll to polnUrt )md td 
Wnteanrinlliha tsGts your m wcdl )m a 



S', Constants 



m€EningwaB(haigEd.AII l^scaiseEfnabitaTfu9R 
InthisthGptEryou'll lesmwhai, wf^, andhav touse 
k^wcrd Attheaidtha^e'sadiscuBaoncfvillatlUiv 
axi3ntDcon5t{be:ajsethe^bolhaxKanchai^Gnc 



but ccnc^tudly o 



I mpcrtat fcr code ma 



£n hide tugs thaaevay dil 
limindethEffiprablsnB b/ b 
Icmanuflhecompla-. ^JOlV 



/aulEn usebulslzeai/plaEmha-ethecnmpilff mua knew I 
/dueScompiletJmeThecompila-cafiuEebufsiWoperforn 
xr?sf37fJb'dn^. which rneaEthec(xnjHfa"wiif reduce a 



Vou cEfi useoorrtfor all thebui It-i n types (thar Ir* float and 
double atdtharvaiants [as wdl aBdaGsobject^aByou'll SEe 
l*H-inthisdi£pt6r).BeojseofsubtIel»igsthSthepreprKessor 
might Introduce y<xj ^tould alw^s u second instead of #ddlnB 



youcmplacetheddiriitionfcracofistinaan^eplafeaid 
dlsbltutelttotrand^cnixitsby InducinglhehEadErfileA 
conAir\C-t-i-d^aJistoinlffn^finf^^ihA\s.it\sv\abieciiy 



N'Z'^lymecIfc 


ZTs 


a/ods. 


TE^ng acrc^for a c 


DTltbl 


instEEd holds thedrfinitcni 




nl)!ilt£i>leWhaiyouL 








youfcTi 




!d (this 


isdsDtiueforcatai 


nc(ho-( 




di as taking the addre 


sofa 




bedloc 








linliage" which mEB 




aa-^t 






frfa-totheitan.wH 


direcfj 


ires It to 


■ haie storage 




1 n the ordinay case 


whHiadtmisi 


notpatcfthed^mtn 


nno 


stcr£Qeis£llocaed.^ 




leronst 


isiisEd,itisHmp[yfoldedinE 



stcrage ccnstatfoldingispreL'aitedCsjrKetha'e'snow^forlhe 
compile" to knew f cr ajremha thevduecf thd: stor^e is - If it 

could knofljtha, itwouldntneei to dlocd:e the storage). 

Beaisethecompils'camataiw^sa/addloc^ng storage for a 
const constdrfiriitionsfflujfdrfaiilttointEmd linkage tha is 
linkage cfiJy w/tfff? tha particular Iraidaionunit. Othawlffi 
llnke arors would occur with complicaedoHlsbbsauseth^ 
catiseaor^etobeaJlocaedinmyltipleffipfilfsThellnlo'would 
thai seethe sane ddinition in multiple object files and ccmplan. 
aeaiseaeonstdrfaultstointenal linkage thelinkfrdoesit try to 
linkthosedrfintionsarosslrardaion units aid thaeareno 

cases irwolvi ng onaart eipressons the oompila car aw^s 
paform ccnstat folding 

Safety const s 





eaoragefcrj 








iinthedSamind 




cfbuF 




\3 


knows) isconslEncithSthevd 








^locaedtohold 


hiSvEliieasDi 


Tiepdn 


intheproyan 




InmJnOvousB 


adrffaHtki 


dcf™ 


stintheidatifi 


a-c 




cmnatbeki™ 




mpile time This 




acfEQeisreqmrs: 


aid the com 




sitatEinpttokeqi 


m/ttingin its^mbol tdileltiie 




ha/icr£BinC). 




inrh£iiz3iar mu: 


aillh^mS 




tofdrfinition, 










bedim^.Vo 






dfromcaidi 




icopingwojksf 




asitdoEsfcrai/ 


itha-type-ya 






uE^cfftWIns 











Aggregates 

It's posableto use oonstfoTEgg-fgies. but ycu'revirtuElly 
asajredttia the canpller will not besophisBcaed encu^to keep 
anag^eg^inlts^mbd t^e sisCor^gewill besiloc^ed. In 
thesestu^ions CDn4mf£ns"eptEceof ^oragethSc^nnctbe 
chsn^." Hcwe/s'.thevEiuec^viat beu^^compjtebme 

Etcrs^d annplleti me InlhefollcHi ng code ycxjcai seethe 



InEfiEfT^ddintffli the compile" must be sbletogenerdieo 



Differences with C 

ConaatBwa-eintroduialinca-lyuffgonBcfC-i-i-whilethe 



sar^cnd thir^to 



incic^ng thaels borage Eilocd:eddsanh?e BecajEe 
toeftEmd llnkEgeforaina^tfiism^e£SEnEfiC-i-+d^ 
IrtEm^ llnkEgeforconiksoifyouw^nttaacainpli^ 
thing in C-I-+. you must a<pllaaydTaigetheHnk£geto 



TNsllne£l50 works in C. 




LV 


alw^s a-fSes SciEge Whetha" cr not Btcf Egeis resaved for a 

amstinC-f+depeidsonhiHitisuEal. Ingaia-el, if aOHIBtiB 
usedsmply tor^laisananeivithavEluetjiistaByouwculdus 
aiMrfirrt. thai aoragedoesitha/eto lie <re*ed for the const 1 
nostorageiBcred:ed(thisd^aidsontheccmpleiity cfthedSa 

type atd the sophi Btic^cn of the compilel, thevdues m^ be 
fddedintothecodeforg-ed:adTidaiiyrfta-lype*e*ing not 
brfore£Bwith#de(lnBlf.hoi~s/a,yaut*ean address of aeon 


leuei unkniwingly, li/pasangitto 
rrfaaice ergjmat) cf y oj drfine il 


tszt 


r^c^^eis 


lnC++, aCBflrtthSisoutsdeellfui 


^drtfi^£^°m 


esaiped.e.itis 

tan^ lir*^e 
C-H-landfrcm 



■ddinetha:naneasQ(lenitheide6l C++cnmpila- 
caestoregeforthetonst butsimplyfnidit irtotheoxJe 
mrthas impi led fi le Ecope you iai put it i n C++ heaJer 



ftcethalygiuingitaiiniHEliza-aid Easing It isarti 
"ce stor^e to tie crf^Ed f cr the CDnst{^thcu^ the co 
5 the option erf da ngconaant folding here). Thelnitia 



I n C ++ mGoisthd the ddi nitjon e<i 5ts d »vh7e l£ga i\ thi I 
necessaily tiuein CI. Vou iet nav seemhy C++ reqjresai 
d^i rili en to ha'e ai I niti ^Izm the Initrd Ez ? cfi di ngji ^Es i 
deda^cnfrcmaddiritiondnC it'SEiw^saddinibG(\9 
inrUGfizer js Fie:FESEry). With En otUmconstdeda^ion, the 
compila- canot do oonstatfoldingbetEUEeit dofsnt knoA 



Pointer to const 

ThetridcwLthaponta-ddmiticn, aswith^vtcmplicSed 
dd^initian, isto read it stating a the idaitifier and work ycu"w^ 
cuLTheaMlrtq)edfie"bindstothethingit iB-dosettta'Soif you 
wattopr&atar/diai^tothedHnmtyouarepontingtn 



irtldly cnnfuang pert Vou mi^ thiric tha to mekethc 
^f ixKhengeeble thaia topr&ataiy diaigetothe 
nta ned ins deu.youwould amply miwetheoorstto 
idecfihelntliltethia 



Ifs not dl tha cr^ to think tha this ^buI d real "v is a ten 
pdrta-toEnlnfHcms/a-, theiva;it£«ia'^readsis"¥isi 
orcinEfy pdrta-to an inttha h^ptnsto be oorst" Tha is. t 
const^BBbounditsdf tothelnteganaKllhedfelisthesa 



const pointer 

To mdcethepoirta-itsdf acorst you muS plastheamst 
spedflErtotheri^afthe*. liketH? 



thait begvaiaiinltid vduethamill beundiaigedforthelifecf 



1 3 constobjel usng ather d 



ScmepecpJe£rguethatheffcor*dfcfm ismcreconsstat becaj: 

heconrt saiw^&p asd othe i^cfwhilt modifies You'll 
ha/etodeadewhdi sdeera" oryourpaticulEfcodingslyle 

HaearetheGbo/e nES nacon^ilE^efile 



bock ma^fsapoint of cnJy putting cne point? ddiritic] 
aidinil]£tizLng€Q[tipafnta'dthepdnt cf ddiniticn 
le/erposabieBecajseofthisthefnrmaHngaylecf 
diing" the'"'to[hedd3typeisp(K9tJe 



to ixid?staKl but iriortunady tha's not aludly thew^ 
mctk.The'''infatb.ndstolhepdEiitifia-, notthetypeltca 
plaHdaiywhffebdweailhetypenGmeaidtheidaitifia". i 



Assignment and type checking 

C-H-isvaypartJojIa- about type chetkina and thisertaidBto 
pants'aBagnmsits Vouc£naB3^the£dtt'eES(rfBncn-cornt 
objeltaaconitpdiiErbECGUseyou'reamply prcmlsngnotto 
d^n^somd^ngthdlsDK todiangeHojve/?, youcaitass^ 
the addrE&s of a const cfaf el to a non-constpaints' becaiselhsi 
you're s^ing you m>^cJ*aigethe object via the pdnta". Of 



character array literals 

Err^llt?ds.Vcxic£ns^ 



ihnicdIyaiaTarbaBUffiadiEfaaH-efra/ lita^ Chowdy'in 
us case) Is CTE^ed ty the compile" eg a conaait diEralH" arr^, 
id the result (f Ihe quoted diaalH" arr^ js Its aaling address i n 
lancfy. N^odifytngar/cf thediaraJasinthearaj' isaruntime 
Tcr. dthcu^notsil ccrtpilffSHfcrcethfscorrelly. 

ffar^llta^sareaduEily <Enstatdiarad:a"3r^aOf 
^ thecxxnpil? ISsyou ^ ^^ wtlh treeing than aBnon- 
■tha-e'B5omudie(iaingC codettiSrdiesanthis 
HO(¥e/a". If yautrytochaigethevdueBtnachaala"afr^lhtad, 
thebeha/lcrlsunddined, although it will probatJy workcnmsf^ 



mi nded to usetfv B I dtET f Of n 



Function arguments 
& return values 

The use cftonstto^eafyfuncB en agummtsmdraurn values Is 



you se p^g ng otjats by vs/ue speafying tonsth^ no mi 
thediat{lt meensthathepEEsdEfgumaTtcamot bemc 
inadethefundion). !fyaua"erdufriingaiof5eca:of ausff 
lypeb^ vdueEG aomst it meaistherSifnedvduo cannc 
modiflEd. IfyouErepaEangEndrSurring^i^s^^fs^ const 
prcmisethathedfainarcrofthealdressivillnotbedia 



crignd v^ueof thevaiEdewMI notbechai^ tythefundic 
mjHwvs/a-.baaiffittiesgumatrBpEBsedbvvdueyoj 
immecft^y m*eacopy cf theorigind varade sotheprcmi 
thediatisimplidtyk^. 



sdethefrndJontheoHidt^esi 



rda3vs a3jb|ed:1^wlll belli ly de/dopEd tn 



Agar\ you'll gaanarcrmeffisge butthistinietheconsfcKB 
thelocsi otietiBnctpatofthefunctianagiaure Jt or^y ha 
meemngtothelmplHTiaitaicrof IhefixHtionEndther^ore 



odified. And^artbeajseyourer^urr 
sjtheofigind vdue could na/e" be modi 



orbult-intypEsltdD^tm^s'whdhs'yourEtumby vduea 
I const 3} you ^Kiid a'dd (nrfijai^thedpmt prolan m€r and 
aiecff the corstwhairamrtngaliJIt-in type b/vdue 






Thui It ■ 


nimpcrtTttcuBHCofiBtflh 


airaurr 


iingETobjeabyvElue 










The reason oonsthas no meaing wl 
type b^ vd ue 1 s thS the ampi 1 a- d 1 

lv£luelbe:aiseits£lvi'3,'sav£lue c 
vou'rerauming cbiettBiC usa" dd\ 


31 


ill 
till 


Thefunc 
addtion 
ChEpta- 


Iianl7l|t*esit5afgjmait 

£l w^ of handling addrcES 
111 ThBistfreaivdYthes 


sinC-H-atdthealiiaztcf 
neaBtdcing a non-ion* 


pnrta^.i 


itsjustthathes^ntaiisdif 
in C ++ i s besise of the (re 


aTt^rf"^ 


atanpora^. 



Temporaries 

Scmaiimes duingthea/duaion of an atpresaon, thetcmpila- 
mud o"ed:ete7ja7"3>'c^ai'i These aBcfcials like 31/ (thai th^ 
reqjprestor^e End the^ must beconamded awJ destro^red The 
diffffGnce isthaytRj nei/a" sethan -theaxnpila" Is re^HinatJe 
f cr ded dl ng tha the^ 're needed aid the dtta I s of the r siEstaKa 
But there I s cnethi ng ^Mut tanporai ea 1h^ te ajtcm^ cdly 
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nt cbied:m^cQntanadiffa"aitv£fueforthi 
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The conxtructor Initlallzar list 

The^e}^ Fniti^iz^cnpantiscdledthecQ^^L^ 
3)d itwaB angn^ly de/doped fcr UEein inhsita 

implies OHiffsorJy intheddinitiancfthecDndrL 



Thefctm of ttiecot 



:oiutniclari- for bulK-ln types 

jthelaigja^d&dcped j>dmaredfaftwa5putintoni^lng 
er ddinedtypfslock tikebultHn types It becaneEppa^ntlhd 
a^ewa-eOmFswhmitwEshEipliJtom^ebult-intypEslcxik 



flodpi(aU15Stl^ ten' 
It cftsiuEdiJt aic^EJjl 



f IntegpF malnOjeail ajtom^icsily initi< 

t d a Jit etessrily mere costly than; 

t()Mj"j on p Itf eesly cptmlzeltiistoava 



Complle-tlme constants In classes 

Thoabo^euEeG'constlslnt?E£ting£rdprob^y usduJ inca 
butjtdofsnotsdveltieongn^ pnSrfanmhichia'how doyt 

the use of EfiEddlti and ke^'word which will not befyiy 
Introduced inl^ I ChcptfrlQ static ThestdUdc^wcrd. In this 
3tudicftmean&"tha"e'sonly cnelnaance regEfdlessof hew 
may obielsoflhed£GS3"ea"ed:ed."whid>i5preasdy whd' 



drfinitjon cf the sWic corstTMs issomettingthS only nc 
with the stdc const £S much CBycu mi ^ liketo uselt in 



icedzasu^taddfrm nelhes e 



n Icecream Hc«v& a- alsopejais cufromdcingai/thmg 
The -enum hack- In old code 



heusecf a1unih?eisgiJ7atEed to occupy no storagem the 
bjel. and thesH^naaorsaedl a/du^Ed ^ ccmpiletrme V 
31 ^93 e<pl I dliy Ed£d i^thev^uEsofthemumaacra 
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const objects & member functions 

To underBtand, you must first tr^p the concept of omstobjels 
A 0>n*abjed:isddinadthesEmefcraus6r-da'inedtyp6asabuil 



Hse bisacorstobiectoftypeblob Itsconaruaoriscdiedwith 
an a"gunHit cf two. For thecanpiler to enforce coflGjiaa it muit 
aisuretha no daa manbas cf ijieotied: a"e diaiged dunng the 
object's Nf^mB it can Eaaly aisixelh^ no pi^ic d^s is modiflEd, 
tut how [5lt to knew wNdnmembfffundions will changethedaa 
and whidi ones are " Ed^e" for aconaotjert? 



not ^leoficallydada-edcordistraaedaBcnetha will modify 
call itforaconstobjecL 

tonstdoentgjafantaeitwill althSw^ 50 the con pi I arf ore 

(Theomstbsomes part cf thetundiion agnaure so bdhthe 
compile and linka" (hade for omttiessl Thai it aforcssiorsl 
dkj>ngthefunclicn ddiniticn f^ issung an arcr massage if yoi 
trytDdiangear/manbasctflheotqato'cdl ancn coniman 
funcboTLThua ar^manbafunctionyoudada'econstiB 
guaateedtottdia/ethaw^rntheddinitcn. 

To undaitand thes^ntai for daJaringamtfmamba function 
fira noljcetha prajsdingtfiefuncbcn dedaaion witfi corut 



onstk^word muS ber^EdEd mthed^iritior 



constatd ncn-constobieas Thus, you could think cf it ; 



asconA so it cm be used with constobietts 

I eianpl ethd ccntrastB a CDnda>d nco-con4m€ 



mutable: bitwise vs. logical const 

Wha: if you went to o-faeainrstmanba- function, butyou'dsdll 
IrketoctiaigesomeofthedaainthechiettTTMsisEomameB 

ldsoaima:iniEscEllEdf7fS7>^»iseainM. Bitwise condmEETstha 

na/a-diaige Logcel con*meaEth±£H:hai^theaiBreobject 

isa]ncg)tudly con^ETl, tha"em^ bediaigeson amanba"-by- 

j^yqjEfdthaobjeatomsurebihviEeaMlBlias 

Thefiraspproa^iBthehiBtcfTcd onepr\d\s<^\3ic3iDngsn'3/ 
ttriiffpsj. It I B paformat in a raha- odd f £*icii Vou tEkethisfthe 
k^w ordtha produces the address cf the ojrrentcbiect) and cast it 
toapomtfftoaiobjedof thecurrenttype 1 1 would Bean tha this 



■ dueffomlhedaH 

J must susiett tha constiES is bang cast a*^. snd la 
i/aylhrig exit inthecpsi you ^vuld usel 
the dass dfd £f ai en to Epsdfy thS a 



If ^GtqEctisddinEdEGainst It isacaidld^etobeplaEdln 
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snbedded ^Smisprog^nmlng. Smply mEking En cbject co 
hcwe/a". IsnctaBU^-therequrematsfcrROMdjility ae 
mudiancta-. Of ouse the ofajed: must be bitwi second r^h' 
thGnlogcEJ-conatlhisiBeQ^toEfeif logcEicanatifEsis 
implanentEdcfilyttYoughlheilutflblflke^wGrd, butprobabl' 



(posably thrtxj^ multit£d<ing, miitithreadi ng o 
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YcucreSevolatlleoliiectsuang the same s^ntaitha you useto 
ireaeainstcbietta Vnu can £lsaa-^eciinstviilatllo:ib|ects 

whidiont bedianged tythediatproganmffbiJtirBtfBd 
(hai^ttrough some (XJtade ^aKy. Hffe is ai eonpletha 



AswithconAycucEnusevoldldiTdaamaTb^smanba- 
fundjon^ aid obiectsthaiL^VES Vcu CEn cnJy c^lvoldlle 

manbH- fundii!nsforvolrtil6±|a:ts 

The reason tha isrOcait actuelly be used sb ai intarupt sevice 

cfcject fthid mua be seiraly passed, GfxiailSRgenaEily wants no 
a-gjmatsaell.Tnsclvethisproblan.youiaimekeialJasWlc 

TheH^ntaiofvolamBisidenticdtotonst sodismsgonsofthetwo 



Summary 

The Mfistke/w ordgiveEyoj the ability to ddinecb|ectaf until en 

arT/prq)roces9rb9idit5 All this pro/idesaa^ifleertedditiarEi 
fcfmaftypedied:ing£ndsd^^lnycu"praganmlngTheusecf 
so-cd\eda:nstaT'ra:rnssiti^usecfconA3ywhseyaipo^iAy 



Crfaeetanpleconstda'miticrsfordlthebuilt-intypES 
ain*tom*enav conSdrfi nitons M*eg«ethe; 



llnkthaT>. VcudH)uldnotgd:a^aroraN(w tiythe 
read ngltietimewhen the progran* 
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Modify ConstPdnler.qipancving commeitB 

M £ke a new vfraon cf CorslPcilnta'.q)p:^leil 
ConstReftrtrtaqipvhichdEmcnaraesra'a-i 

Ch^a-lll. 

M odify CondTcnp<irBry,q>paiming the or 



CreaeadEBSoita ning both a omrtmd a navcnnS 



>i:£iladMy5bin^hidicontainsa^ng 
laructorthSiniHelizesthesMngaida 
I en. M odify Strln^tadt.cpiEotha the 
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CrEaead£BS(Elledblrdthacaifly()aidadaBSTO 



di obJ Alt be prcpagied I nto C ++? 



9: Inline Functions 

One ofthe important features C++ inherits from C is 
efficiency. If the efficiency of C + + were dramatically 
less than C, there would be a significant cnntmgent of 
programmers who cnulcJn't justify its use. 
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Preprocessor pitfalls 

Thek^totfieprotJaneof preproceBsormeoDsisthdiyouca 



t'sqjiteeo^to 



9 KT erthd: unaipectedly, to the 



ill an occurs baause cf thegap baweai F and its opening 
vas nthemarod^mtion When this ^p IS ranojed. you 
jdlyca7themaTowthtfiegap 



anpleetxveisfarly Iriviei and the prcblHn will maki 
t right *bf* Therei difffculties occur when us ng 
acfis as a"gijmaitsjn maro cdl s 



ereaEtmoprodanaTheliraisthd:a< 



themauDwill e(paidto 

The precedaice cf d is loivathaitha of 3-i sothemeoo 
a/duaiun will surpriseycu. Onceycu disciwer the problem, y( 

cen solve It by puttir^perentheseBeround&aythir^inthemE 



wctkswithdl 



Thepre:Hlingprot]Jancaibeidvedwithca"d^ul prcgramming 
practice pGraiitieizee/efythinginamaTO Htwe/a". the second 
difficulty IS subtl a". UrJikeancmiEifixKtion, ei/ay limeyou use 
£na"gLjmcnt(namaT0.thd:a"gumaTti5ei/duaed Aslcngsethe 
mao'DEBcailEdoniy withordip^Gfy VTiEdEsthis&aiu^cnis 
baif^butiflhe&dudicnaf£n£rgimicnt has ade^cct^ then 
IhercsjItscEnbesurprisng and will dd^initdy net mimicfunction 



ju uffiai "ordlnEfy ■ agumat thems 
"eel fuKiion. ButassocnasyourdaiG 
rarcEi fixKli on, Ihe prod ens Stat Th 



icetheuffiof dl upp^-casediaatasinthenaneiifthe 



ifour. only thef irst pat cf thi 



namd fmdJoniEll intheBEmaatuSioii Hcwa/fr, whaithe 
numbe-iswitHnttebaid. boh anditJon^sEreteSEd. which 
resiitslnlwDlncranmtsThersEiitisproducEdt^eL'^u^ngl 
a'gunmtagan, which rsEiits in athirdlncrsitsiL Once the 
numbErg^outcfthebaicJ, balhcDnditicndsaBSill tate:lso 
y(Xjga:1woFno"anataTheHde^elsa"ediffa"Hit, dependim 
cntheErgumaiL 

ThiBis deafly not the kind of bcha/i cr ycu watfrom a marot] 
locksHkeafunctiancdl.lnthscEEe thecb/iousa)lutcni5to 

aid m^ rEdutsdflaaH^ if you c^l thdfunttjon alot. 
Uitfcrtixtddy. theprcblmi ma^ not EJw^ebe Eo otMi Gu^ aid ' 
can ixikntwin^y gd a li bray tha ccrtans fundi on& and mart 
mixEdtog^a. soaprcblanliketfiiscaihidesinevay difFia 
to-find bugs For stanpleUiepulcOmaTnin tstdloma^ s/^l 

caelfssimplanataionBcftajppflrOaBamacrom^&eluSe 



cf tEe scoping reqL 
smply pafcmislE 



rspuli|!rfwtties*ecf dfraaic/ thus etpogng the 
bonaswdl asd m ra ngth^gja-dngthaprivie 



I nllne functions 

manbasa'/theprotiHnsasoQaaiwthpr^roti 

unda-theccntrcicftheoDmpilH-whaethabdon 

e/ay saise Ar^ b^a/icrycu aipel from an cnfl 
you ga from 31 Inllnefundiait The cnlydlff OHIO 



has no dfel a dl rtha"th£ndGdjinglJiefunajon(mhi<tim^cr 
m^notga:£niriJined^n(tanscfn*meld:H"),TheHJccesaii 
^proadi prtvldEsthefiFidion boc^ 
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Ycu'll Eimosl:dwa^5wattaputlnllneddiniticn5lnahE£dErfi 
Whsithecxynpil? SGES sjcti addiniticrL It putsthefunclicntyF 
(the 3 ^tdire cnmbi nEd w ith the rdixn v^ue) d'A^lhefixKli on 

d^cks to Ensue the cdllsQifred: aid the r^ixnvEJuels bang 
used CDfrecdy. aid thai aibslitutES thefundian bot^ for the 
fundian c^l. thusdimln^ngthechsliEEd. ThelrJInecodedoe 
0QU[^^)ei^butifthefixKlicnlsaiiEil,lhiscaialuEilyt^el4 
^ecetti£ntheaxJegaiEr^€dtDdt}Encrcinayfincli(xic^l 
(pudiing agjmaitsan the 5tak aid ddng the CALL). 

AnlnJInefixKlicnlnahEEdErlilehaBa^eci^ Et^us anceyou 
must I nd udetheheada' fl] e conta nrng the Fundi on aiif its 
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oplimlzaion ty the compile". But InllningabgfuncBcn will cajEe 
IhacodetobedupNcdiedeL'HywherethefurKiioniscdled, 
produdng OKleblo^ th^ m^ nutigie the ^E€d beid^it {the only 
rdiilecDursecfatoonistoeipaimattodFEOwethedfatsof 
jnfinfng on yoj progan withycur canpiler). 
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othEThaid.ycuVedwa^su^manbs'fixKlJcnBtarEadaid 
ch£n^thed^£irf orm^on cf ai object, you cai modify the 
undaiyi ng r^resat^on of the otfect to you" hcEft's conta* 

GiltwsyoutoaddcodetothemanberfundiontoddectwhHitha 
d^eisbengdiai^, whidicaibevay UEd^ul during dftuggng 
If e d^a manba i ^public aiyone cai ihaige it a^i me without 



Accessors and mutators 

Some pecpl efurthadivi dethe concqjt of axessf i^Kb ens i ilo 

chaigetheaaecf 31 otjject). In addition, functrcro/aioading 
m^ beuEed to provi dethe sanefurKtion nanefor bolhthe 



irtroducEd in Ch^a"S aid co/Gred fully in chapter] 
inibdizethevduEscfwlllafxJhl(^(u3ngthepsaid 



t^crs doni: ha'eto besmplepipEJIr 

Jimeslh^ cai pafcfm more 

IionEtnproduceaampleTimadaei 



nma aia inseaE^I pat of theTlned^s Hoft&g-. it I3it 
necfssaytoupddeGll of than, so in^f£dthettnie_tt Bused 
thebaBer^x'SEEnt^ion, aidthetnlocalatdASCII {haade* 
r^x¥£Ent^on utJIRcpfstt ha/efla^to indlc^e if the^ Ve b 
updaedtotheojrreitljnetThetwo prtva*Jnd:i ons 
up(UaLoi:d[^dupddMsdl[)±ed<theflegB end conditio 
perform tf*e updae 



r(prE!at*onarencw™£lid.TheaBdU)funcban(EllB 
updaMtsdKlwhidi oDpiestherfsjit of IheStaidEfd C libf 

funaicnasdlniBOntoalocd buffa-btcaiseasttlinaOuses 
aaicdaaareathaiBOjawrittaiifthefunaioniscElled 
dsBivha-e The asdlOfundion return VElueisthe address ol 



updatflLDcdOm nesoiha tsco 



A Tlmecbjett iscreaad, thai sanetime-ccnsummgalMty is 
performed, then a second TImecbiettiscreaed to mak the aii 



m^ find: on ctuou^ woikwd as nEsbutnuticeth^ 
^D a^&tfundKXSGr &b dtasnon nJ nE^snceinlining 
p cbablywciit^ caveat/ pefatmaKsgan^ 



N (* cethi the Link deGlrj<icftha:wG6preGat but anplym the 

etpresaonddBtaoldHaaifemply rdeaBesthsmancf^ usedb^ 
ths Link (it does net deEira/ thedataobject po nted to ty the 
Link) 



cethS thae s no Stad(4.q)|(: 



Paiplew II Eom*fnew tsdasesw th^l nl nefuncBcnssotha 
thewholedEsswIlbenthehEadH-f le(youllseeinthiBbockth£ 
I agKVGfUiel nenrysdf) Du ngp ogan dadcpmentthisls 
p ob^dyhjn leG^dthcu^som^mes t caimdiefcrtcf^a" 
ccxnp Idicna Oncethep agrmist£blz€Eabt,ycu'll prcbsbly 



I nllnes & the compiler 



m hai the axnpi I a" sges tha the i nl i He's f uncb en ty pe^jd^the 
fundfcn bod/ pa^eswithout aror thecodeforthefundianbi 
isdsDbrcu^intotheB^mbdtadeWhdha-thecndeisstore 



tvpesmustetha"bethee<£cttypesmlhefunclicn'5 argument irS 
crtheccmpilaTnuabe£bletom£keatypeoivaacntothe 
prapa" types and the rdvxn vei ue must bethe onejl ly pe (or 
cco/atibletotheffifrejl type) in the desbn^ on express on. TNa 
cf oxffee IB acatly wha the ccmpiler doesfor a^ fundion end I 
makedly dffaaitfrcmmha 



If eil Ihefixidiontypeiirfcnnaion fitsthecnntert cf the cdl. tf 
IheinlinecodeissiijdituteddirectEyforthefi^dJoncEil, 
d I minding thecal o/aheedaxieiltwingfcrfurther 



Limitations 

inlining-lntheBeceeffi it amply rs/at 
fundi en bj' takmgthei nil neddinitcn 



FOt perfcf m Inllning if Ihefund 



pnntmoSccxnpila 


sgvenMheirti 


ne prob^ wouldn 1 ga n 


youa^rffidHiiy. 1 




rtaf locpingisccnadEredtot} 








talsmudimcrel 


Umeinadethefuniljan Het 






luaacolledjmiifa 


mpleaaanHts 


the rampilErprobEdy wont 








n/Eitieadcfthefuni 


ScncdlwillbemudilEssthEfitheastof 







without any ncBceedepaforr 



p"r"o?uc 


T 1 Btakai impliatly or atpliatly. If tfieoinpiler must 
een address, thfuitwill Ellocaestor^eforthefurcljnn 


^r^ 


lured, ttiecompila-will [H-ob*(y still inline the code 


!= 


ipiler theampila-isnotfotcedtoinlineaiytKngadl. A 
xnpla-will inline sndl.amplefunctJcnswNleintdligatly 


results 


ginlinesthaa-etnocomplicaed. Thiswill gveynuthe 
ycu wart -thetruesnati cs cf afundion csl 1 with the 



Forward references 



Ia-i«cntbe±letnhaidlel( 



lnf(lacdlismadetog[l£lthDugh9[)haBnctyibEaideda^ed. 



OfoxirseifgOintumcslledHJyoudaidupwithasa 

reajravec£ll5 which a-etooamplicSed for thetmiprlH- 
(AlEaycu'dha/etopafomisomefEainfOcrgOtoforc 



fooled into ttinldngtl 
I a Ccnslructces aid deslnjctcf s m^ ha/e hiddai a 
becajsethedEGS can cnntan subotfetswhs^ cons 
dEfimctcrsmust be cailEd. ThsesjbobjediB rr\3/ be 
cbjals crth^m^eostbesjsecf inhent£nce(ca 
ChEpta-141. AsaiB<aT?ilecf adaEsmthmanba-i 





y anlffBso: 








dffa-aices 




^manba 








ETttMy. 










inline th 






saAlsQ' 






d 


progarib/ 


^iddywn 




fBcftain 



Reducing clutter 

In^bad:ljkethi^the9mpljdty aidt?s9iEscf puttinginJine 
d^inlicnsinsdedaE&esisvsy usdul becauEemcrefitscnapage 
crscreEndnasenina"). Htwe/a". Dan Saks' haspdnted out IhS 
inarEd projat^iishGGthedfectofnEsdEs^duttEringthedass 
IrtHfasandtheriy m£kinglhedassha"da"touE Herdtrsto 

pla:s)aidmantansth^£fl d^Tiitionsdv]uldbepla:sdout9de 
1hed£Estoke^theint^a:EdeaL0ptmiz^crLhe£rguEslsa 
s^ardelsEUB If youwGnttooptimlz&LJSlhelnllnek^word. 
Usngthis apprcadi, the sail et Rfl(tflngle,cpp9ianplebfa)ms 



jwattoccmpa^lhe^TECtof inllnefundicnstc 
licn^youcaismplyraita/ethelNlnGk^worc 
lions ^Kuldnafmdly be put in heeds' filEshch 



^preach isthdycu 
EtyleforfuncBcnddi 

mthmstty fundi ens 



C++pr^rocHssor): aringzlng sir 

pEding. Sblngzing inlrodiji£deallfrlntheback.lspErfar 

withthefdrecdveaid^lcwsyoutot^esnidmHfia-Endl 

I ito a thaatET ar^. Slri ng concdfn^ en t^€E pi Ece w E^n 

EdjEcait chaeda' Err^s ha'eno intsvsing punduaicn ir 

whidicEffith^ErecontinEdrTheEeEwofedirESEree^Kdj 

usdiil what w nil ng d^Mig axle Thu^ 



Theft dnngzGsthestdaitst for oulput andtheEfc 
tfingcaicajsprodEfn^€^>ea£{ly inon^lineforlcx 



I mproved error checking 

The reqiJreJifunctionBha/ebeai used up to tti! 
drfinngthanlelthniighassertDliaBdsobeHiu! 
prog"£fnma" arofs where It 's£pprapnd:€^.fJcMj 



aj^ouldnotethSei. 



prog^n. sudi eg rftheuse" doesit pr oj\ de aicug 
a"gLjmail5arFf afilecunct beopened. Thus it'se 
th^ cdl theStmdard C Libra^ funcBcn«lt(l 



^ddimtnuiBfcr requlrsBrgsf^il requlrcM lnArgs(}onE 

1 to the number rfEfgumaits you need on the ccmm and II 
I5e flrgcef w *slndudesthenanecf the prolan be ng 



m ptedt gocnestepfui 



At first, this ml ^seEfn appe£ilnganceitme£nEtha"e'sles5to 
lypa It's net tHriUyuns^e butit'saroadbest a/oided. Nctetha, 
cntHagart amaro locks Mkeafunction but b^a/es diffaHitly; 
ifsalu^ly CTE^ng ai object tin) whose scope pas stsb^ond tie 
matrcVoum^ixids^avittiis butfornovprag^nmasaid 
code ma ntanas It's just one marettiingth^ha.retopiEzle cut 
C-H-iscompllcdiedaBu^wlthoutaJcingtotheccrfuHan, HJtry 
totdkyoursdf outof uangpr^ocessormacrosmhenei/eryau 



navdassbexmsa'alEdethdyouwanttouselnthe 
implanaitdicn. AnyttHnglhijecpsrdizesthepnvayof the 
undaiying implansTtaion reduces the fleirbi I Ity of thelenguege 
Thus thelnJinefunction isvay Impcrtait becajse It virtue! ly 






M Ddify MaooSideEffectftqipotha BAND [ hvorks 

CreaetwoidaiBcEl funaicfiallDaidfaj InlmefU 
anillea/ef2()aBan™n^rilinefundJcn.UseUie 
StEndatiC Libray fundiondodtDthdlsfcuidin 

















] ^ u^ul runba 


















pdntwha- 


theirdin 





nsdd^lttoirtEmd llnkEge 



fundi en nonsdl Ko initial izetheeiTa; to the 
conaructcr Efgumait (drfajit thisto ' ■). md an inline 
manba-funcHoncdIedpillrtOtoprntoutdlthe 
diEfaCerBinthearr^. 

T£ketheHaslFrlmd.ciifia(anplefromCh£pta-5aKl 
rqilafi^l the man berfuncb ens with inline; M*e than 
namn stu i rlinef unctions Al so diatgethelnlUallzel 1 

Modify StilngStack/wf'"'!™Ch^ta-atou£einline 

Crs9:em«nunc£lledHueaintaningrad,bluaaKl 
ydlow Noiv creSeadasscdledColorcontaningadaa 



laiheflrstfixHtiantha'sddinedinthedasscsilsthi 
[Old fundjan. w ithout the need fur afojwad 
3d ar* en. Write a ma n thS creSes 31 cb| ett cf the 



Write a [ 


irog-anthati 


5kEsa*rtr.9aBthe« 


mmmd-lme 


argjmH 


t. Write atorl 








istrtngwitfiee 


th pass, aid usethe 1 


lEBUGO 




cmthisdiaita-toprinttheBtllnoesthtime 


CorrecttheTRACED' 














Modify I 


heFIELDOm 






Indaini 








H>mposedofc£llstn1heFIELD()maTn.Ac 










angitsindei 








Modify 1 


heFIELDOm 




Icdiy 






3Eforeahfidd(th£ 


idaa^oJd 


Btillbep 














ndnOt 








Write a [ 












ulntmdthesecond 








.aisjrethiyouh*! 


stheri^ 


^d't^ 


th^'Laii 


thatheinlisb*vea 
aHsrfully beopEned. 


nSmdlQ 


Write a [ 




seEthelFOPENOmi 






3n input arEET 


n.Nctetheo-eaicnoftheifalrem 


cbjettar^ 












nipila-lo 




iassanbiy codi 


2 Creaeafilecontai 








drDthacEllsthefu 






!assanblycod 


emhaithefuKOoni 


sinlmedand 



10: Name Control 



Imkagefcrnans 
ThesWIck^wordwEeo/ffloadedlnC bd^crepecpleknew 



FbV ^Jticcontrd b Etcr^eand 



Static elements from C 

In both C atdC-H-thek^wcrdstadchastwot 
whidiynfcftunady oftaisteponeahdher'st 



xdonwil] toDk2the£bcvem€EringsDf iMIcaBth^wEre 



static variables Inside functions 



Sbrnflimea htw e/a". you mat to rdanavduebaweui fundi 
c^ls You could axcxnpll^ Has b^ making a globdvan±J& in. 

f uncdort theacra^forthisofied: IS not on the 5lak tut inSea 
Itieprog^n'sst^cddaa'fa ThiBcfafel isinitdtzed crJy ono 
thefirsttJinethefuncUcniscdIed aid thai rSansitBu^ue 
bdw Eai fundion in/oc^arG. For e^anpl ^ the f d I on i ng f uncti 
rdixnsthena^tdiaalErlnthear^eahtimethefunctionis 



Enc^lsofoneCtwO 



<meClurthithadia<agumaitsjs£E3g)edtotha£rgjiiiet, 
andthefirathaatffcftheEfT^isr^urned Eai^ajbiaiuaitcsil 
to oneChsriJtKttQyfEfiEfjjniHt produces the drfajltvEluea' 
za'ofcrcharArr^whichintlcdeEtothefurKdcxfthSyouEreEtill 



oit doant (weTunthea»dcfthea"r^. 
^1 iinoCli»1)withnoa-gumEitsaid 



bu ItH n type the ccm pi 1 er gj£f Efits 
1 riB dized to z a-o (co™ at ed to the 
up SoinmeChwdthefiratimett. 
1 n ttss case thelf(ldcanc^tion£l wi 


sthSvEfidilewill l*e 
ropH-tvpe)Sprogran 
efmttion istdted, Iisz 


The 1 riti £tiz* on £faa/e f cr 8 1 s uav 
aaicofciectsOikeEllctho-chiettsIc 
irwciuingconaatsaidpr&iouslv 

functima 


gmi^ebutiniHElizaion 
snbearhtrav atpresao 


multittrfadi ngprodemswhi 


"H 


ymdeaqnfunctjcns 
d ketp multithreading i 



static class objects Inside functions 

The ml eBEfe the sane f or aaicctjectBcfusff-ddined types 
I nd ud ngthefect thd some I nit^ izai en I s reqii red fcr the cbf e± 
HoAe/?. asa^vnattozaohaBmEEningcriJyfcrbuilt-intypes 
usET-ddi ned types mustbeiriti^lzedwith eenstriKtor ed I s Thu^ 
if ycudcnt ^edty mnstiuctor agunmtswhmyou dd^inethe 
S^cotieittfiedeGsmud:ha.readd^Gijlta]n^ructor. Fore'emple 



heonstrudorergunentjiacfwilhtheddajlt conSructc 
EfiBtnjctionoGiastheflratimeconlrol passestfrough thi 

Id^inition, end enlytheftrS: time 







profremuangtheStenda-dC libfaryfu 


ctionaborH) 


Vcu cai ^Eofy atiojiBtotEkeplacewh 


!ilea<ingndn()(or 


c£/lmga(WJbyusngtheaand£fdCI 


xEfv function ataiKl) 


this case the functj ens regista-Edb/atodtOm^ be csllEdba'Dr 


thedestnKtofsfor art; objels anSjuct 




lor idling «m». 




Likenrdinay destruaion, deSrucBcnO' 


aaicobjettsocQirsmtl 




only obielstha ha/e bt 


tmstnided Ere destroyed Fortunady, 


heC-H-dadcranattoi 




ccnstnidad. Globd olielsaedw^sco 




ataad aid destrcyed asndnC ladta b 


iitifafiiKBonccrtanr 


alocdstdcoliedisne/a-c^ledtheca 


arudcrfathiabied 


na/a- eieoited. sothadedrudcr is eIso 


rteieaited. ForeiBfYip 


It =t..i< cbj,„J,«..«c„ 




X"™";M".^Jdl«.c..-|, „ .., 





I rf omidf an ^xxit theot^etthe^'re 
^a^obEJ otf€ct.9>theccnE]njd:Grii 



K)is cdlsl. Thaoutput of thi 



iiscdlaibrfcrem«ln()is( 
iBtiud:crforbis(£lledciJybsajsef{)is(E/ 

1^ thedeaructorsfcf the cbjectBtha: ha/ebe 
ledinre/aseorda-aftharcon5tajaion.TN 

pHidsonwhdha-fDwglliscdlalfira. 

*cethathetra!Bfileii(strsa»ch|e(tDiilisa 



InC-H-tN 


!ccnsa 


u(tcr for a^ob^ Stan 


;cli|stiscdladbrfore 


irdnOisi 






npleatdpcitsblewa^ti 






reHtalngmalnDaid 






rfta-a 


,,«ngn.dnl)lnc,th„ 


iwas elwa^B atria tha 












code 




Controlling linkage 




Ordinal ly 


.a^^n, 


aneSii/ejEgKlthais 




crfincBcr 


l)iEVI9 


lUethrarfiout di tradaion unitBinannxTs 


ThiSiEOft£ 




ealinktimethienane 




nelirki 






Glotdvai 


1*1 esE 


nd ardinay f uncb ons i 


ha/eartard link^ 


Tha-eaet 


rniffiw 


haiyou'd like to limit 


theviabilifycfanane 


Ycuml^ 


like to 


ha^eavmiileafileE 


ODoeso ai ttiefmctionE 






uaisde Qftojnat/ataitly cajsenanedaiffi 


withiderti 


fia^a 


Jtadethefile 




Anotiieai 


irfunO 


lonnaneafileanpet 


haisa<p!lQt!ydedaa 


rtrtOBlffl 








cppfilewl 






lananehaBmi'airia' 


hnk^sJU 








Uadaion 


units V 


.ithc^ana-^ed^. ' 




Oneah/at^ta 


■ intemdlinkEgeistha 


thenanecaibeplafid 






out w coy (ng iha tha< 








ae commonly pi aad II 


nheaia-filffisjdis 


OMiadrfir 




ariinlln^undions drfajlttointa-na linkEgs 


(Hme/a-. 




drfajltBtointana linkage ctily inC-i-M inC it 




artandlink^lNotethSlii 


nkEgerrfasonlyto 











H ffe'sai aanpl eof h(w thetwo mffiningB of A 

ea±i!(ha-.AIIglotdnb|e(tsimpliQtlyha/e5taic 
if youES^ fdfllescop^, 



addtion.theuisbilityofaisglobdacrcesElltraislaionunit 
tarns cf viability, ttie Ofvoate of AUcMsbleonlyintfiB 
tradaion urit) is arixm whidi eiplidtiy aaEsthdthevia 
of ttienanais aross dt tfadaion units Sntheddiiition ± 
aqijVEi at to s^ing 



lutifyojs^insteed 



uedoneisdiaigelhevisb'iity, soafiEGintanEJ lirkEge 

rage dass IS undianged -the cbjed reades i nthe^ai c c 



ES staH estops dteiingthevi ability 



aid if you s^. 






It memsfOiBvisbleonly within thistTET 


iionunit-th 


sis 


HmSi m es ceI 1 ed filestalic. 






Other storage class specifiers 










Etcr^e dass ^Eofiastha occur Iees cfta^ 


Thesuto^ea 




Ernest naia-UEEdliaBiiffi It tdlBtheaimp 


athStfiiBis 








a^the 


compila-alom^cdly allccaeGstor^efoj 






compila-C£n£liva;sda:emi™tJiisf£d:fro 






tlievaidileisdrfinal, EoautoiBredundai 








dongwitha 


nttoth 


co(npila-thatHspatiaiIa-vai±iewill l> 


hEB/ilyu5ed 


SDthe 


ccmpila cu^to keep it in aregSa-if jt c 


at Thus It IS a 





Idiffa-aitlyto 

n{;thejrha/ethecptiontoi^Hjreit. If ycutdietheaidresscftfie 



Namespaces 

Althiou^ names (sn be nestad ing de d esses the nEmes of ^obd 
functiaisglob^ua-i^lesaiddassesa-eBtillmaan^eglobd 

b/E^lcwingyouIo^vevar^esaidfuncbcnBlntanEi linkage 
fthais to make than file 5ta:ic). But in alsrge project. laJ<cf 
control wa'theglotEi namegjaecsncajseproblans To solve 

theseprotJansfordaBses vendors often (reaelongccm plica ed 
naneBthasfeunllkdytodadi, butthai ycu 're stuck typing thoss 

Isngusge-Eupported solution. 



pi ecHS ua ng Ihe/TfffK^^iaef eaure of C 4- 

k^wcrd.9iTillartDdasBStnjderuiii Tidurlcn pi. 

of Its marbaBinaifsbncf^acaWhilettieothH- keywords 



l^initionoiEppeeronly a^cbd scpeoi 
IsanlcolonisneceBSEry ^a"thedo3ngbr; 



sarnies us nga^/ntaith^ for a das^VbicxjIdEppEETtc 
^arEddiniticrt 



iB/etotypeaiuwiddy nametreaedty alibray 



b/ s^ing "nMli^tKS without an Idfntifi?: 



ThenEmslnthis^)as7eELJtcmdc^ly a/al^elnthS 
Iraid^ion unit without qud Hi c^ en. It Is guarantEed thd: 
unn£fned^£ceisumqjefcreatitraiiidicnunit. If ycup 

internal linkageb^ making than AfCIt 



fnfud I5jn)ed:ed globdiy 




Using a namespace 

=pe(ifvi ngthenaneuanq the a 

udngded^,a,to,ntr«iucen 


cperfSDlutcnnp 




apliatly ^taf 
sanewa^thiy 



The using directive 

31 daft s ane^aze udngk^wordalliwsyoutn 

w hen^nr^^f^^/v»crdti»s\sc^\slausnffdrarfrveThe 
udngdi Ea mal'ES anesappEsraBifthe/bdongtotheneae 



One Efipet of Iheudngdlrettivem^ seen lightly 
oxintaintuitivediflrd. ThevlabiJIty of thenanes irtroduced wl 
audngdrEdiveislhesaipein whidithe dIrEctive is made But 
you cai(waridelhenanesf rem the usingdl relive G& if th^Ve 
been dedEred^cbdly to thd scope! 



The using declaration 



Vnu cai irjH): nanescnea atimein 




usrgi^a-aBai. Unlike the udngdi 




if the^ waedEda-ed ^cbElly to the 


npe audngdeciaa 






nanesfrcm aurtngdirectiva 





putaudngded 


r*cnai/whereaniirm£l ded 


udngdeda-aic 




itonebeaiseym 


dont giueai a-gumat IrS, 





es IfycuaKlupre-dedafin 




BiaEwcnt beaiy Efnbigjities or d 


plicaions 


ne use of namespaces 






bitdainbngdfirst, e^Eod 


If you gd the impresaon thSyoull 


beusngthandlthetime 1 


gaiH-al, hcwa/a", yoacsn gd a~a^ 


mihvay ample usage of 


nEme^assaBlongaByouundada 


nd hom th^ wok. Thek^ 




ntroducea ^ctel udng 




ulsde of a^ sxpe)you ha 


throivn cpaithenane^aEfcr Iha 


fileThisisusudlyfinefor 






atily in rffed until ttieaid of tfie an 


pil^onofthafileThata 


doemt *at ^ otfia-filffi so you 


Tabme F^S^' "^iro 


nameq>aBB one implanatSion fil 




diBowa- a namedaEti betsuse cf tot 


maiyudngdirettiuesina 





jtisasmplemata-ti 




fil esotha It UBesetpli ot qjd 


ificaions or using ded 

odifyingulherimplaTi 


l^°^f,leB 


H eada- fi 1 es £f e a diff a-Ht 1 S9 
introduceaglotd udngdire: 
would mesnthaarvotha-frl. 


jaVouuirtudlyn&a 

Etha included your hi 


sda-wculd 


alsoh*ethenane^aEthr» 






othH-heada-filesl. 






SO, inhfadfrfilesyouEtiQuld 


atha-useeipliatqua 


ificaioncr 


thayouwillfindinthisbook, endb/folliwinqityc 


^w^7nl"° 


"pnllute-the^obdnane^a; 
pretHnfspaBwojId of C++. 


.endth™y,.rsdf. 


ad; into the 


Static members 1 


nC++ 




ai^'SlrfTd^Tn'cT" 


daangleaoragespao 
woulduseaglobava 


i^^llX' 



isaangJapieceoTSora^fGradtf cdaamanba*. rE^dlessof 
htwrnany ot^ediBafthad^GsyGU cede All otiedssha"ethe 
5£mesWiC5tcf£ge^a:Efarthadaamanba. soitisam^for 

thanto-oanmunnae" with eahothfr. But the staltdaabdongB 

privata or protected 
Defining storage for static data members 

Baajse sMi cdaa hae a a ngl e pi e:B cf storage rega"d I eES of how 
may objects a"ea"ed:ed.thd: storacje must be d^inad in a an^e 



rdinay globd v^adg yt 



to^>eofy*g!i 

SDme pEcpl e h* e troubl e w ith the I dea thS A si I s prlv(*e and y e 
ha-e'ssomdtingthSs6Hiis to bemaii puling It right cut in the 
cpaLDoesitthi5bfe£klheprotectionmediaii3n?lt'sa 
axnplady Bd^epralicefortworeaBonaFirS:, thecrJy plaHthis 
initi£lizai(xi iBlegdisjntheddirvticn. Indeed, if the sUlcdaa 
wae aiohtettmithaamstructor, you wcxild cell the ccriEliuaicr 
instead of usng the "Opffdior. Second, oncetheddinitfonhEE 



Mccbject^ both constatd ncfi-conat The syntai 



WithsMieojfUtotint^grdtjpesvoucmprcvidcth^da-initKin^ 
inadethe daB^ butfor a/ayt^i ng d 5e{ind uding Eirajs cf integ"£i 



oray Eqgregaainduding 



You CEfi also ireaeaaUc amsbbiectB d dass types and ar r*sof 
ajdi objects Howaa" ycucannctinitdizethan uangthe inline 
s/ntai'dliMedforlMlcconftiif integ^al built intypes 



Atlcd^nit 

Nested and local classes 



mwithasWicmanba-ir 



^ to call asWionanba-functionb/ its^f, mthout ay 
Flcabject.uangthesccpef"Gsolkibcropa"a:(X", llkelhia 



For da m ba" sUI dcd:esthacrJ en « cf^oragefcr 
aiba- a a. a a^ chjett cf Esa asl d theuseof 

datlct rfne hiett * cbcn eer ami cnecopy 



funa 






uaid 
butal'i 


otcf arouv B/ntai, asoaSngthSfurKtionwithaiobjea 
w th no cbiect (bfcaisea sMicmfmbfr is ebsoq a:ed with 
not a patioil ar object), uang thedEss nana and scope 
oncpa-aor. 


happa 
art/na 


onlyagn^aobiertdtypaEagt 
M E99cl,s±s 


anputasWIcdaa 
sHa-esmeianplathS 

eiistb/mdcmgthe 
±|ed:, but you cait creSe 



Ellocae storage 31 


DTEhEppai 
mpilH-hst 
dmekethei 


sa^erthedEEsd. 
iin3ructor cdl. 


^fn^sto 


aTJsfru:*r. Atthispointintheback, ycucainctkncwivb/thrBis 

thanwtdi^a-.H»vs/ff, EsagiEEkpra/iert.ifyajwa-eto 
ranoi/etheccpy-ccnstnidardrfinedm the eianp(e£b<we you'd 



Brth of thEffi usthe <b|^-cg 
Ihe mpy-condrudiar I s ded a 
necessary betajseit ne/er gt 



Static Initialization dapandancy 



H (we/a". thffe IS no guaratee concernin 

Isngusgeprtwidesnow^ to ^>eofy this i 
s^iflcat: prc^ans As an aianple of en 
will h^primitiveoper^ng^stEfTiBand 
s]ptii dieted cne^, if cne file centans 



Endaidhs'fl uss 



lhepraganm^wafk.aid [ma^ not If th prcgramming 
3V onmstbuld th progai *othd:th f stfileislniti^ilzed 
bdcretheffccndf I Tha^ther w II be p cblan. Htwe/er. If 
th secundfile t£l edbrfor thef a theom'tructorfcf On 

dfsuponthi ai 3hi ofmil whidihEffitbeaiccnslnjctedve 



rfiotha-Thest^csnatradaon nrtaeiritidizedbtfcri 
Et iwocaioniifafuHlon nthaint butit couldberfter 
lOVoucaitbesu icutth orda-of ritidiz*cnof aai( 
t fth^ dffaHtfla 






aid nasmndfjl you 



For ail staicobjedslhelinking-ltedlngmetiEnisni tjjEraitesa 

^EofiEd ty theprog^nim3't^€EplEC& ^nthepra/icusaianpl^ 
z s'oi ng d^ the stor^e oca^ Ed b^ thef Gtreflm cutcb] set has no 
^Edd meaiing,9iitlst[uly unddinEdifftt] theccxiEtrucicrFB 
c^lEd. Hcwa/g-, with built-in typ€^ trntidiz^cntozs'Dd^erha/e 
mealing awl If thefilesaeinitidized In theords" Ih^ ae ^(w/n 
Ebov^y beg ns EG d^cdlylnitiEi Iz Ed tozso. SOX beannEscns 
aidy isd/nanic^iy InitidlzedtatwaHchveL'a'. If thefitesae 
initiEilzEdlntheoppostecrda.xIs^^icdiy InitJEJIZEdtoze'o.v 
isdynanicdiy InitiEilzedtaon^ aid X thai bEoxneB two. 

Prog^mmas must be avae of this bEjsjse thecal CTEdiea 



whaeitsuddffify. myBtaioudy, di 

What to do 



ee EpproEdiES to dEd Ing w Ith thi E protJ Ein 
Avoiding st^c i riti d iz^en d^aide 



prolan mdictEjitiniqueBtoHJvetheprotJ em. 

Technique one 

Thi5tEdTnlquewEGpianEa"edfcy)aTySiwErz while CTEding the 
loSrEanllbray UieiajEetheddrrttiaiisfordn awtaidarrae 



ThededEraiccisfcriEndyaincimceanlvthSitieffiafajedBffltS. 

tutth^dont dlocaeacragefcf thecb|ecti Hthv&a", the 
ddinitionfGrthelfilttsliiarinjHlDcdesaor^efcrthaDlielm 
a/ayfilewheretheheaderismduded But becajsethenanels 
sMjcfcurtidlingvisbililythstima not thews; stor^eiB 
^toc^ed- ^GTEgeisafileEopet^dd^Eijit). It isvlsbleonly within 
lhairaidaion unit sothelmlta-will not axnplan*out multiple 
drfiritjon arors 

Ha^eisthefilecontaningtheddiritionsfcrxy. aidlnllCount 









tidizaicnwill bepafc 


dfpHids hcaily on thefaS tha 




bdorea^ dynamic initi all; aio 




tradaionunitiinitCounlwill 




wiflbeS-jpped Cleeruph^pe 




HnlUdlzart^sureEtliaitwil 


1 happai oily crae 



Thisaonpleu^ tuiltHntypESEGthe^oba staicc^elsThe 
technc^eEJsowcrkswithdaBsesbutthoseotfelsEnu^lhmbe 
dynanicdlyiriitidizedb¥thelnHWIieriasaOneiv*todo!his 
isto CTGdethedEESs without ccnEtmctors aid dotnicior^ but 
instEadwithinitiaizaionEnddEanupmanba'furKtionBusng 



Inlttalizvf) 
Technique two 



^ B tethni c^e r^i fs on thef act tha aat c obf els I 
einitdizedthefir5tt]me{only)lhathe fiFicti of 
I mi nd tha the protJ an we're red ly tiyi ng to sol 
'Bithestaiccb|elscreintidized(thacaibeo 
psradv ) but raham^ngsjretha the irati d i] 



c£n pri nt( )the aae of the o 



es itsdf End printsthestdecf thedl 



TodHTionaraewhicaigDwrQn^thefolltwingflfeflraputsthe 

aaic object ddnnllicnB in the wrong ardff, Esth^wouldoaurlf 
thelinkfrhappEnedtninitdizetheD «p«ndcnqr2ibjecl: brfcre the 
D(|>(rdtnq(lPl!|ect. Thai the crda-israiasedto shew h™ it 
wcfk& axreily If the order happens to be " right. " Lsflly, te±ini que 



ThefunctionsdUlaidiCOwrapaa 
and D^BidaiqF2^els ^Jcwv thea 
aa^cobjedsisb/cdhngthefunction! 

inrtiElizaionnnthefirstfunctioncEll " 
isgjETEnteedtobeccfre:! rnhKhyou 
prog" am aid Jock a the cutput 

tedmique Ordln£ntv.tfieaai<:cb|ed:! 
ttia ddi rung the aaic ctjectsin sepEf 



Nov intheimplsnat^onfilQwhs'eyajwoiidpre/loudy 
ha/eplaEdthed^ccfajQld^nlicns vouinaesdplacethe 
wr^ipngfuKbcnddintcns 






Son(hvlhH"ea"etwofileBthdc(Xjfdbel nked n a^ orda" arf If 
th^cDntanedordnafy ^Accfcjelb could produceaiy crdffof 



Whaiyou unthsprog^i ycull sethdthe nt ^z^anof the 
D qioidcnqf 1^^ object ^w^shEppa^bd^orethe nbdiz^cn 
GftheDcjpcndenfy^tai cbjEct \cucaialsasEethatbis sa 

Voum^betmptedtov,-ntedM)aidd2()aBnlnefi.naons 

nbeduplcaed naayfile 
on ndut^tiy^^a. object 
[TLBEcajse ril nelixKbcnsaitcm^cEJIy dd^aritto 
I nkag^thiswoiid esult nha.r ngmiibpled^ objectB 
hevaioustTEnd^cnixit^ which woiid sterr^y cajee 
IS SovoumustenHj ettiSthae scfily cnecfrfnit orcf 



Alternate linkage specifications 

Whah^pensifyou'remnling a prolan inC-H-aidyouwa 



IheC-M-ccmpllerwIII dear^ettHenemetoscm^hingllke 
f Int diartosi^pcrt1uid:ioncvEdoading(aid1yp&s^ 
firKag^. Htwe/a'.theCcanpila'lhiccfnpiledyourC llbray has 
modddiriitdyj^^^dEccrdedthenan^soitslntsn^ nEmewlllbe 
_f. Thus Ihelinka-will not be*etofesolveya(i-C++cdlstof(J 



yt\n;0\h3\a¥jjsgE£\n 



CrfaeafunaionmithastScuEfiElilethaisapdnta- 
(ivithadrfaJta-gumHtcfzen).Whaittiec£HH- 
prch/tdEsav^uefcrtfisErgumEnt itlsusEdtopolpia 
the bfg nning of jiJT^cflnHf you cdUhe fundi CXI 
with azGTO aguma* (langtheddaiE a"gimiHit), the 

1 vdueknthear^ttoEctEeaiaMf-of-aT^ 
indcdDT) EKcrasettisfundJiininnMillO 
CrEaeafixHlanthardixnsthenertvaiuema 
Fibonacci sec^cncea/sytimeyoucd! it. Add sn 
crguncit thd i s a bool w ith a ddait V £l ue of f dSBEUc 
thi whaiyou gvetheagumaiwrthlniflit " resds" tt 
funcbontothebegnningcrfiheFibcna^] Eeqjarce 



CrcE 


tead^thSholdBmm^cflntsMthegzecf 




rr^ uang rtaac tore* Intnadethedass Add a 




tlntvaiiileandiriiB£(izeitinthe(cnstnj(tcf 






Intn 


1 anba- ua-i Ebl e aid i nitr d iz e it to a ^eof 1 c V eI lie 












1 nt cut dl theuEluesin the ata^ aid lo cdl the 


sUt 


cmanba-function. Exao Eettis d eES in [rein! ] 






num 


ba cf ti mffitha Its lndda>t( )manbafunaion ha 









aglotdfuncBcn 


(nctarr 


lemba-furKtion) cor 




stdcMonltor 


cb|e(t.E 


lahtmevoucEllth 






ind*r«)thmprlnt()toc 


lispl * thei nodmt aunt 




^thefurctioninmalnO 




Modify 


theMonltordGEslT. 




se4sDthSyoucai 


deaaniHillltheinddBtco 


unt. MEfci 





MonltolEndwhidistoresthSpointffEfidcdls 
InddsMDaid prinH ) InthedESructor for M onltorl 
1:^1 decreniait(}aidprlnt(]NiM m^eastaUcctgea 
afM(inllcirarHdeafuniflan.lnade™aln()eipainKrt 

with idling thefundjon and not (£llingthefund:i en to 
Efewhd hfppsiswith the dE^judcr of M anlt<ir2 
MEkea^cbEJ otqectof Mon 



orthSpnntBamfssi 
saglotdnbistcfttiisdaH 



I n Stand) aslruitDrSiqipapa-i m 



I n Stall to otnKtarSLqJiitFg: thedrfajltarcrhEndling 
cfyounmplanaitdicnbj' turrhngtheongind dd^inition 
of outintoGn CKtcmdEdGT^ion ^d putting the actu^ 
drfintion rfta-thedrfintion cf afwhoffiOhj con5lnid:nr 
EsidsirfarmScntooul) M£ke5uretho-e'snnltiingd5e 
impoftat running on ycur madiinewhen yotj mnthe 
prog"anartha:your mahiriemill haidlefajlts 



lelntfromitsagumat amanba-fur 
tfrom itssgumat, aid aprlnHJfuni 

heir* Put your dassinaheala-fileE 



needa-fileintwoqjpfilfslncneqjpfile 

Erail«mandtEEtitin3denidn(] 

you'll ha/etoJfT*thetwoobjectfHeBordie 

EtancecfthechiettinBia-asellsWicend 

: omct bef amd b/ the li nke" becajse cf 

red on in a hsdg-file ad\ nethefuncdcn in 
andcdlitinsdemlnOinasecondqppfile 



funcbcn drfinition sothaif issWiiaii 

M odify VoldltuppTccii Ch^a- 8to 

oininiidsl IsomShingtha could atuE 

rout nedoesittdie any argjmaita 
end re^sterte^ords 



Modify Fri«ndlnJ«tl on jpilo add adrfiniti on fcf 
InAiltlinietlcqipdenanaraethatheudngdire 



in Ov<rTldln9Anbl9ullY.qiffirst 





iingada 


islwithdii 


nImedrfiniH 








DthSintht 








Bthsmdi 


jdesbothhada-filffiC 




dasa 


ndscewlMh^^aiE 
(autadecfthefunai 


. Try ireaing an obiett of I 


diff^ 


nee R^arHieprobl 


^sngsco 


peresdution 



B obsSuparn up«ll brafy^pnd 
UnnamedHaiiaqiacBs.qip)d put tl 
heaJerfllffi givmgtheunnanednan 



€Ethd strlngfrcm itsa^me 



sWila-ra^ of !nt Wrte*rtiemahndstn print nut the 



nestringfromitBargjmat, endaprinK) 

digila^theSrirw Creaeaiotha-dEsstha 



GfthefirstdEGS aidddlcrr 



eadassMilTorthacontans 
*a to a M irTorcfcjei aid a I 
era thedrfait ccnstnidcr 
tnisaid tlie M lirorpoi nta- 1 
cr t^ES aB ai a'gunmt a po 
h It aBagnstotheob^el'sintt 



tettOiftheobietfspanta-iBncnza-n. it returns the 
valueof tw« JcElled thrcu^the pontfr. If theporta" i b 

cfwhidiiridudestheMlm>rheada".Thefiraqjpf]le 
dd^irkGGa^otd MlrTorob|ed:u3ngthedd^ajlt 
ccriBtructor.ThesecoridfUededEresthect^elinlhefFrst 
fileaBattBmaiddrfinfsa^c*dMlmiriifaje(tusng 
theseoindtcnstnidar, mithapwrBa"tothefirstat9ecL 
Keep doing this until you reaJi the led file whidi will 
£lsocortanaglotdi±|e:f donation. In tha file mainC) 
should (dlthet«K)funaion aid r^nrt the rsGult. If the 
result istnn find out hiw to (hak^thelinki ng orda" 

Repartheprcblan inDiaQse32u3ngte±fiiqueone 

Repartheprcblan inE)ia"ose32u3ngted¥iiquetwo 

putsOfromtheEtatda-dC Libray. Cdl thisfuncBcn 
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"h 














ilgd Imgjage 


. Ihe^ 






syriL* 










.abutthe/a-eal 


yaiHi 


i(.l! 


raaiiHicetnc 


iiiUull 


ihewa/agun 


neitsa-epEBsedii 



thedi^a-willddvelntoar 
proyanma": Ihecopy-conar 
rdfraicEs) thS mEkes a nav 


aha-confiangissu 

objelfrcmaneiiaj 
rtcriBUffidbytheco 


eforthene~ C-h- 
Turtcr (requiring 

ngobiertdthe 


Finally, thiesornewhSobsajr 


■eC++poii/^-, 


^™^ 


p^feSureiB 


Pointers In C++ 








The moa important differan 
C-H-isthSC-H-isamcfear. 


ongly typed la 


^u^ 


emsa'^::^ 



Bettis-feSure'ofC 






References In C+ + 

Ara&"0^:is((i)islikeaconaait points"thd:lsajtomd}C£f1y 
derd^ffaiced It isuBudlyuffdforfunction argument lists aid 



1 1 (Dthemmp 


a-dl 


cats 


« ofacra^ 


niti^jZFSit 




dtes 


h rfa- 






p rt thSai/ rfaai 






*eS piece of 


acTE^Whaiycu 




rfa-ai. 




ngthaaora^ 


Thus fyouwnt 1 






3)lhai cran 


atinqais 




n 


dicw 


mdnOAgantheeasest 





dimgEd to rda to aiotha" objel. (Po 




be panted 




aiotha- objea a £ry time) 
















to eEsumethS a rrfa-aicei b ccmecte 




mSepisE 




ofacf^e 






References In functions 








oa common placevou'll aserdsoKi 






ffgumaitsmdriumvElueaWhaiarrfff 








on sgjmat, ai/ modfuaion tothe 






fund 


crwill caisechai^tolheEfgumEit 






ayoucoutd do the sane tKngb; pass 


ngapd 




rrfff 


jicehaBmudideenersynlat, IVourar 


think cf 




nclh 


ng mere thai as^rtai cwi/auaica if 


ojwmt 




Ifya 


rSurn a ra'traicefrom afundion, yo 


umuat^ 


ethesane 






nWhae/a-the 


r^H- 


TKe IS connaiad to draJdnt goav^ 


whailh 


funcBon 




s othawiEeyou'll berdaringtouil 




■mxy. 


H^e 


sa,.anple 






z 










j'Hb:;-.:.::.';:...... 















const refsrencss 

Therrfeaicea-gjmentinRtftrenoaqjpvcrkBaily' 
Ef^imatisanon-airslotiect If it isaoinstcl)|e(t ti 



the a^mst a corutr^e'E 



will c^l only constm 


TTlhB- 




fin 


mrt«"!i 


Tm 




















Tirwi 


fmdion 


a-gjm 


TtSII 




impojtmtbaaiseyi 










tan 






riWf 










tha- fundi o 


oretpliatly t^theie 




























=-, 


piler.As 


dvay 


mple 


eiample 



e C£fl tofdJcaiss a compiletme aror bfcaisethe compla- 
j5tfira(rea:ear^a"aTcaltdoGssob/dlocaing*)ragefcrai 

C iritidizlngittooneaidproduongtheaddresstobindtothe 
e"mceThe5tcr£ge^7?ujfbeaa»nHtbe3JsedT£ngingitwould 
i:e no saise - ycu can na/e" ga your haidB en It £gan. With dl 
nporay c^elsycu must makettie SEmeaBsumpticn: thd: 

(jYediafcgng such daa because the resjitwcdd be lost 



W th rd^a"Hices nC-M-the^nta- 
totAethealdreBBiiflhapointH- 1 



By running thispragran.ycu'll prtwetoyourBfJf thathep 

Argument -passing guidelines 

betopErab/ omlrd'aaice Although a fir^thism^ SEa 
onJy ai ^aaxy cnncan (End ycu normdly donlwatto 
yoursEjf with dfl dsKy tixi ngwNleyou'redEs^ing End 
a^anbllngyaurprog^nhthEre'smaredistdie EGycu'll 3 
therefnande" cf thech^ff, acopy-conBlrudorlsreqjIred 
ancbjEct^vEJu^atdthisis^t EJw^sa/alEdB 






fi besjb^ETtid 



CEll.butifyouTenrtgcing 


modify t 


eagumertthaipasangbj 

u*tedi!nthe5tad< 


InfECuirtuEHytheonlytirr 
mhenyou'regongtodnEii 


epEsang 


naddras'snrprrfa^eis 
o ET obiea tha pEsgng b/ 



Passing & r^umlng by value 

Tounde"5t£ndtheneedfartheccpy-a]nslructor, con3da"thewa^ 
C h£ndEspaB3ngaidr^urEiingv£ri^€EbYvduedunngfiiKtiDr 



3uf gureouthtw to gafcffaeGfisanbly code with your 
iplle" End ddernlnethestdiHTiaits^iaaed by Ihefunct 
toR 1 ycu'l I gdtheequivGJ at of; 



ideaKdupgtrificaiUytomdieil 



cecf thecdl tofOwil 



cfthan. 

Therdunvdueaf f()ispJacedlnareg5ta".AgEfn,thecaripila 
knows &aythingtha"e[s to knew iiouttherdurnvduetype 
becajEethdtypeisbultlntolhelaigjGgasitEiecompils'cai 
rdumhtty pi 33 ng It in areg5ta"rWilh ijie primitive daa types 
C. ttie ample al cf oj^lngthe tals cf Ihevefueis e:^iv£f mtto 
copying the obJecL 

Passing & returning large objects 

Butnav conada"us9"-d9ined^peB If yojc"ed:eadafisaidyo 
wattopaBsaiobjectof thadaBsty vdueho™ isthecompila" 
Hjpposedtoknow whatodo?Thisi5nctatypebuilt intothe 

ToirvestigaetfiisyaJoiaatwIthasmpleBtnKturethdils 
deaLy too I Ergeto f dum in regi stffs 



all funcbcnElity inline In mellldthecall to bi^undsteftsasyou 
mi^gjess-theenare(crtatsofBispu*adcnthea£d<. (Here 
you mi^ see 50(11 e ccmpi I a-s load regsterswith the address of 
theBlgendltsaze thenoeil aheJpa'funcliontopu^theBlgonto 



Function-call stack frame 



fathfftoprtt'idestoreQeforthefurKliffi'slocd va"ieblffi 
CDoivn'isrd*velierayourniadiinem^mcraneitor 
deaanent theslak pdnta" during a pu^) But dunngttie 
ee^mbly-Iaiguage CALL, the CPU pu^iestheaddreeelnthe 
prog^n (xidewherethefixKbcn oeil cattefrcm, HJtheeesanbly- 
lai^a^RETURN oen ueetha add^eeetordiintothecdling 
pdit. This adct^s Isof cxMreesared. becaise without it your 
prog"£fnwlll gdcompl^y lod. Here'swhdithestad^fraiieioDks 
IlkerftertheCALL endtheeliocaion of local ua-iebleflOT^ein 
thefunction; 



The code generaied f cf 


the rest of th 




apedsthemancfy 




settlythi 


sw^, sothi 




rrfullypid< from the 


fundi en Efgur 




lloc^va)^ 




ittouctingtherBium 




IcdltHs 


block of mai 




±ise/aylhingused 


b/afu.>a,on, 


n the pro 


cessolthefu 


ndioncd 


\.aislunclia)frans 


Vcumi^thi, 


ikitreffi. 


mebletotiy 


toraurn> 


/aluesonthesta*. 






ply push It £ 






I^^a^tom; 








the raum value 




















Theprcblanc 








ilC-H-ajpport 




tiathelm^jagESEre 




The,^soa,pport 


recursvefunc 






thasar/pointinthe 




prolan 








prog-aii.Ofo 


Durse the pasn who 










blefcrsa/ing aid rest 


onngE/ltherEgstETS 


thaa^eusedi 




butiftheia 




luseaiy mEimxy 




31 the stak. this must 




WngtodalVoucai 






InEfyfuficd 






»oldraum«duelh*s 








funcBoncdlii 


ilnffla^a 


ib,5a„ehad«aea 


■ ent instead of ai 



lai^a^itETUiU4ise<e3itedthedal:pc 
totherdunaddressdirr^bdoivit, dfpi 
maHn^, so ri^brfurethe RETURN, thel 



arguments an 



In^lgStnictureKqiphecDmpilspu^ieElheEdck^sscf B2 
rethec£lltob!gfur()inmdnt)lfyoulockathea5Kmbly 
'Lit fcr bl^un()yDU cat see it o^pectstfis hidden a'^jmat 



ma^ to copy the bits from one pi aE to £nolha",whidi certainly 
wcfksfinefortheprmLtivew^thdiC locks^varisblfs ButI 
C-H- ctj els cai be mudi more sophi5ticd:ed thai apdidicf bit 



Con3da"a3mpleeiGfiiple adaBsthiknavshcw many objects of 
itstype9<istd:aT/cnetimeFrcni Chspte" IQ ycu knav thew^ 
todothsislyindudingastdlcdaamanba: 



snotwhayouwQuldei 



Afterh scredBd thecfafsl couit sone whdiisfineBut^i 
ttietdltofOyouwouldeipsitoha/eaicl^HicDurtofhva 
becajEehZisnov nsopeGEwdl InaEsd theccxirAiszfrcxv 
iwftcdiessomdhnghEEgaiehombly wrong. Thislsccriirme 
thefalthathetwo dfamitorsStheEiid makethe chiett cou 

p^GSGdby vdueThrBmoEnsthecfignd objelheiiascutsd* 
funcbanfT£fnaafcdlha"e'saiadditcn£i cb\etl>nsdsthefuritl 
frane whi (his the copy thdhaBbfaipGE&fdt^v^uB Hows 
thea^mathaBbeaipGGsedugngC'sprimltivendicnof 
bitccpying mha-eefi the C-H-HowMenyciaBsrequirfB true 
Initidlzdiantomantanitsinte^ty. sothedd^aultbitaJFyfa 
producethe dared rffst. 

Whmthefocai otjelgoeBoutcf seeped: the aid of Ihecail to 
thedesBuctof i b cellad, whidi dsTanats ob)ectCiiuntso out 
thefunSion, ol)|ectCilunlBzao. Theireaionof hZisslEO 
paformed usngabitcopy, s)theconitructorl3it<siledthaf 



Copy-construction 

£bout hav to ^r^eanav dfartfrcm ai ousting d^st. Whai you 
p^GS 31 obj el ty VGlug you {Tf^e ane^ object, the pGGsed object 

inadethefundlontranelTcm ai e<isdng object, Iheongnd 

rdixningaiob^ectfromafurKtion. InUieeijffeBscn 



haapraioudyu 
«duerff(jso£gananavcb|ectis<reaedfrcmaie(istjngone 

Thecompila"'saB5umptionisthaycuwaittoperfcfmttiis 
(region usng a bitcopy, andmmaTyceeGsthismaj' work fine but 
ir HowM oiyit doesntffy beaisethe meeri ng of iritidiz* on 
goes b^ond amply copying A ncthe" common eiaii pie occurs if 
thedcescontan5pointas-whd:dothej'po(nttQ end should you 
copy than or ^Buldth^ be connected to somenov pieceof 

cccnpilfffromdoingabitcopy. Vcudottiisby ddiningycurown 
function to be used whsie/? the ccmpi I? needs to meke a nsA 
cfajelfroinaiad^ngobfecLLa^c^ly swu^yourem^inga 
navotiect.sothisfunclionisaccnstnjctor, End^solo^ccily 
aiou^, theangiesrgumattothisconarudErtBBtodomithtlK 
ctjed: you teconarutbng from. But tha:abjed:caitl)e passed into 
the constructor tyv£jue becsuseycu'relrying to fMf^thef unction 
thS handles pass ng tr/ v^ue atd ^ntalicdly it doesit m^e 

ctjectffom an aiiaing object Hcrerd^ffaicesconietothereBcue 



loneltwill 
reaeatcpy- 



theoaetructor, you cm put ai idatjfig- string (usjelly th( 
afthenbiealthaisaipiedtnraneusngthesWngccnstn 
The drfail t ■" (reafE ai empty string The conaructor 
incrsn9itstheobJectCi)unt^bd^c& and ttie de^trudor 



artisihecopy-ccnanidcr, HawMoiyZamstHowMarqrZCi) 

hea^-ccnstnjdcrcanreaeanew cb|ectcnly from ai listing 
ne sotheeiiaingd^el'snaneiscGfilEdtonanQfollcvbiEd t^ 



insdethecopy-conBtrudor.theotiielcountisintrHTiatfdiui 
acoirde obj el count whaipaesng aid r^urningtyvdue 



taof apartoJar cbjed, so it car no longer beasMicme 







pleoftr* 


gecdis nsdet 




««H1 




widthdTha 




^<Hlrem> 










case thejuEO- 






:h cf the output 










ir 


lalneBoutputaniltha s 








ttieforloop ' 




ne2cfthi 




-edi£pt< 





















oneBiithaiasfOsatH-edttie upy amt uaorisquial 


cdledb;thecDm[Bla^lopafon 




iso-eSed.wNdiisthecopycf hOJiusttienane "hccpy")in 


thefuHlionfranecfHl softie 


ot^ect aunt beccnestm 0.(0 


ofthecopy-cmSojctcr. 




Lmea^lndicaeBthebegnni 


gcftherSurnfromHJBut 


thelocEl vai±le-h ccpy" cai 


)e dtaro/ed (it goes out of bo 


themcfofihefuncticrt, Ltmust 


be copied into ttierSumvd 


wHdih^^ai5tobeh2 A pre/ 




iiEa:edfr(imaieii9ingcti|Ealtheioc£tva)^einsdef(X, 




sedeQaninlmeriineNiwl 




irhZsidatifta-be^jseifB 


copi ed from the copy ttia ] slhe 


oc^ohjettinsdeHlAfta- 


cbjectisrSurnedbutbrfcreth 


fundion aids thech(e:t col 


becomestanpcrEfily three tut 


lhaithelocdob|e:t"hcopy 


dEstri^ed. Afta" the cdl tnf ( | o 




two otjete h and h2 aid you 


aiseethahJdid indeed an 


"hcopyozpy.- 









Temporary objects 

Lmel5bG^nsthec£lltof(lilthi5tJmei7iarngtherdiinv^ue 
VaucEfiKeinlineiethSthecopy-ccnstiuttcriscdledjustas 
bdcretopEsthea'gunmtlii And^so, EGbdDr^lineZIduws 
theof^-GindnjctarlscdledfartherdumvaiuaButlheccf^- 



/duerffCJThellfaimeof thistanpcray object is 
ari Es wating to be de^ro/ed End t^ing upvalue 



aBthefundJcncail atdsty cdllngihe 
ibjEct (I infs 23 aid 24). thetanpcf ary object 



Default copy- con struct or 

Beajsethe H>py-ccn*u(tcf implane 
smpi eslrudiures- ^etiv^y, the san 

ajtcm^icaily credieacopy-conBtrudo 



9<i sBngdasea New tdcetheroleaf a nave usGrwho'5 trying to 
siveaprodEfnqiJcicly b/o'e^nganSdV d^Gsthisw^. You dont 
know Ebout (X)fF/-axidrjct(ys Hjycxjdont (reaecosThe 

ddailtrap^-CDndnjctarfarycurnedV d^sa 



ThedassWHhCCcottansacnpy-oidnictor.whidiamply 
amaxicfsthdlt hEGbeEnc^led. aidt^sbringBupGninte'ESinc 
issue InthedssComporiteaictielcfWIthCCrBcr^edusinc 

adrfajltccnstruacf. Iftha-ewH-enoconaruanrsSdIin 
WHhCC the compila-would ajtcmacElly <reSe a drfailt 
oxiBtrudcr, which would do nothiRginttiiscEee Htwe/a". If ycu 
addaccpy-ajn^rudor, y(XjVetoldthecofnpila"you'regQingto 
hGndleccn^rudor (reaion, Eolt nolcngETcredeBaddajIt 

drfailKcnstnjdcrESWEsdonefcf WHhCC 



jThBcmOmdcriBeiplidtlycEl 
udcr imti^iza- iia (bnrfly intioc 
d f uMy in ChEpter 14). The reesor 



(eauHHXisiniti 
: must bel, aid r 



a", End the output of the p 



chjecL its copy-conarucCo 
axnpl I e" C£i! s the copy-co 



le Com podtsaipy-co'islfLiilor. The 
TtLcdtotheccntatEofftWOCCThe 



I t'SE^w^s bat to a"eaey our avncopy-ccnstiuctcrmBteaJcf 

latingthe compile" do It foryou.TliiEguErGfteGEtha It will he 

Alternatives to copy° const ruction 

At thispontyour head ma; be avimmlng aid you mi^ be 
mcndaing how you ould ha/epo5sbly written ewcrking d^s 
without kntwing A/cut theajp^-oifiarudDr. But rananbH"; You 
need a ccpy-a]nslnjctor only if ycu'regoingtopaB&Gncbiect cf 



prlwrtetcpy-ccnaructor. Vau dent sjbi need to <reae a 
drfintion, unless one of ycur mfinba- fundi ons or af lt<nd 

fundi en needs to paformapass-iy-vaiue tfthe user tries to pass 
erraurnlheotiectby vdue tfieccmpllerwill produceaiarcf 
messege beaisethe eopy-eonSnjder ispri*** It csn no I cn^ 
(redeaddait eopy-ccnslnjdorbejiajseycuVeeiplmtJy staed 
Iha: you Tetekj ng tva" tha job. 



uangtheconft 



Functions that modify outside objects 

R^ffGnceHjrnla< isriicer tousetliai pointe" Hj'ntat y^kt dou 
IhemEEningfcrthereed?. Fcreianpl^lntheioG]r€Emslltrf 
cnecMaloadalvasoncftheg^lfuncUcnt^EsadlvCiES 
Ergunst.aidthewhalepaintc]fthefunclicnlstomcxJi1y its 
ErgunEntb/ln^rtngtheresiitcfthegtffl Hcwe/fr, whm 
read code uangthisfuncEi on It's net Immediadyotwlous to ^ 
Ihi the ouladeab|ed: IS bang modi fled; 



Iheoutsde cb^st is/Bf modifi e 
BECGUseof thlH it's prctebly s^ 



Pointers to members 



idiatgewha 


apdnta-sdet 


ts a runtime. 


TtdthedesUnai 




eatha-daac. 










icqit thaw hail 






sThedlanm 


ahffeislhaa 




address but thffeisno-adc 


Iress" inadeadi 








lintothadaaV 








■stating addr 








fnba-sreqjirs 


sthSym beIb 


asrobiBaai 




rfa-enongthi 

















he GbjEdL To axEswhd it'B pciEling ^ 
with*. Biiilt'saioff^litoaKibjatai 
li parti ad £r objecL Thus the ■ I s combi r 



N oAi. whs is the 9frta< f or ddi ning polnterToM oi 
pd It?, you ha.retDS^ whs type it's panting^? 

inthedd^initian. ThecfiJy diffffaiceisthayoumust 
dsEsafobjelsthiBpointer-to-manbo-isuEEdwith. ( 
I s aaampli ^tedwiththenanerfthedassidthesc 



The-eis£audlynD"sddrEES"cfObjedClaicdiecajs> 
b0bjeclCla8;M9ibeusEil(>nlya5parta--toflianba-! 



isd^nedlikettiis 



I n the ddi riU m f or fp2you cm seelh^ a pci r 

flmaUnlikencmnanbH-funcbcnstiieSis™ 

IhefixHtion idaidf iff without ai Ergumat lis 
rsGoluticncEnbeddeTTilned tytfietypecf th< 

An example 

Theveluerfapdnta-isthayoucanchaigeft 

prog-ammingbetajsethrcu^apoirta-yajt 



: runtime Typitslly. your 
ns publidy visbJe (d^a rr 
theundaiying imp[anff 



impi anait^cTL ind udi ngthefuncBcns has beai hiddai anaj. 

daG5impl9naite"C£n(hafcgetheqjaility of funcBcnslnthe 
undfflyingimpl efnaitai on w ithout ^elingthecodemha"ethe 



A 9iaiddn'tyou be^etosa/ 



whmitisda-rfa-aiced. 

Summary 

OthfiwisealafcfCcodemnulititccinislep 
ThecfiJy canpile-timearcrsycximill produc 
d£ngaDUS£e3^¥nHits If lhesea"einfa±wh 



lut th^ £i BO add ^ntactic 



The copy-ccnstnjdcr takes ar^H"aKeto£ne<islingcb|ed:rf the 
5£fnetypeasitsa^maiLaidlt isusaltoaeaeanav ct^ed: 
fromaiaddingoneThecanpllerEUIanaicEily CEHBtheccpy- 
ccnBlnidicr when you paB5 or rdum ai otfect bf vdue Althoj^ 
the (xnnpllET will ajtomdicdly crea:eaccpy-CQnamd:orforyQ(j. If 
you think one will beneeded for your d ass ycudKXjIddw^s 
dd^ineltyoursdf to m 



Tskelhe CDdefrEgments i n the begnni ng cf the a 

Add aaanents to print oulpiit HJthiyou 01 pr 
yoursdfthSrrfa-Hicesa-eliteporta-sthaa-e 
ajtcmaitdly da-rferaiced 
WnteaprogranlnmhidiyoutrytodJCreaea 



tha the at^et ttd: Is pd nted to fcy the agum at of 
E>i3iiEe4MEkethepointeraainataidm£keEcinei 
the manba- functions conitaid pra/ethayou can c 
cell the amalmemba" functions inadeyofffuKd en. 



irdnC 1 IE/ 1 thefuH±on. 

modlheslha EfgmiHt. InmrinCl pnntoutadisr 
V7i±j& cdlycurfixKtlonfcrtha variable aidpnnt il 
out a^n to pro/eto yoursdf tha it has been diaiged. 
HiwdoEsthisdfeitprogranreadEdlity? 

ncn-tOTBl manlH-funcBcn.Wntethreefunctionstha 
take ai object of thadses as an a^matthefirst take 
It by vdue thesecondfcy rd^amce a>dtheltiirdi^ 
coratr^ffffws InsdethefufKtionitrytocai bdh 
manbo- funchcnsof yair dass aid etplantheresjlta 
ISOmavhaddlHigngjWriteaanpl efuncB en ttia 
takeG£nlntaBaia^m9it.lncrmiEntsthev^ue End 
raurnsFtlnmrtndcdlyai-fiiKHcitNiwdHiva- 

throughtheaEsanblyaaanHtssDthayouunda-aani 

vm^lffia-eindeiedoffthestak. 



Produce assEmbly codef or PasdngBl9Stnj(ture&q)|) 

Trace thrcu^ and danyaify the w^ your canplle" 
gaiGries mdeto paes aid r^um f age amcEurea 
Writeasmpte reajrav efuid! m Uia detranate (Is 
agjnant aidraumBze"oiftheagLflnmlbeaxnesze"o. 
iitheiwiseitt^tBitsdf.GaisaeaEsanbJy codef or this 



funcbcfiE 


rdeiplanhcwthf 


iwa^thathe 


issanblycode 




ty the compi [ a- snjpirts recua 






etopro/ethathei 


rmpila^ajtc 


mSJidly 


s^ntheazi 


satcpy-condrjcti 






yourself. F 


'rftiethathe^ntheazed copy-' 






alitccf:*; of prmitji 


/etypesaid 


cdlsthecip/- 




Tcfuser-ddinedlypES 












itsdftoeniiNcwireaeafu 


ncacnlhap, 




cfynuroi 








o-eaesal 

velueCal 


odctejetcfyou-f 

1 theGefuretimBto 


lavd^anc 
pro/eto you 


r^S'lht 


copy-ccns 


)nj(tcfiBincleedqL 


Jiedycdledn 


,hmpe6ang 


CreSeac 


lEBSthaccrtansai 


double' The 






thedouWiCb/c^l 


imniwdoublcsid 




a ueI ue to the reGiJli ng acrage f 








Btiuttor prntstheuelue 


tha'spar 


tedtcasagistha 


vdueto-l.ee/lsddetafor 



Great 


sad^wi 


th a oonSructortha loolffilikea oop 


drfajl 


udcr. buttha hescn eflraagjrr 
tvdue Shew tha this IS SB II usei 


iatl^^o^- 










Itself. 


M^^^ 


onddEESoontaringa 


;*^™™ 


thefir 

Great 
objett 

funcb 


a dasa but do not ireaeacopy-f 
les/ntheazed copy-conSructor ir 
laitelly calls the rapz-conamrtoj 
saveiy ampledcffi. aid afuHln 
Gfthadassb/vdueCr^ease 
a rrfaHiceto ai otjed: of yon dc 
on CBthe ergumeit of tiie second 1 


ofthefirad 
mtharaum; 

EsCdi thefir 
^undlotimd 



CrtaeaampledaEsii 


vithout 


acopy-conarunor.mda 






±iEa:cfthdda!sbvvdue 






(alyifoi Ihecap^-ca 


iSFUrtO 


r.ExplanwhShEppms 


Th^Is^s^a^l 










drfinelapii-^tcpy 




ictor. M^eapublicdorwO 


funaicnEsaconarfK 


inba-fL 


jncBcntha rSums a ccpy 


afthenb|e((thais<r< 








anargui 


■nmtatmiBtX&aiddones 


aloc^ccpythacmb 


emodif 


led.Thedr^badctothis 


apprna± isthSycu arerf^i 


msbleforeiplmay 


dfttri^ingthedcned 


objead 


JangddetSwhmyou're 



E>(planwhd:'Bwri!ngmithbc(hMar,q)paid 
M onTestqtpFrom CheptH- 7. Fix the prcbl an. 
Cr-EaeadGGSoiitanng adoublemd aprliriOfuncUcn 

manbo-sfcr bclhtheddamemba- md thefurxtion in 
yourdES CrGaeaicbiectcf yourd£esaKiapointa"to 
thiatied:, andmaipulaebothdaBsdemHit&viayour 

CreaeadEBSontaning ai ar^ of ii* Caiyou indet 

M cxli^ PmonFunD ef InlUonxpitv adding an 
n/H-loadad manba" fundi on f()(ycu cai dafrmmethe 



adcK )a)d ranove( ImE 



12g Operator OverloadSng 

Operator nvsrloading ib |U5t "syntactic sugar," which 
means it is simply another way for you to make a 



cdled bi plaong t bdweGncrsofn^mGS^Ea"the£rgimi3Ss 
Theffixnddffa"Hiceisthd:theccmpila"(Maniineswhi(h 

funcbcn tocdl FcrinSance Jf ycua"eu3ng1heapErd:ar+with 
floang point Efgumaita the compll3""cd!s"thefunclicn to 
paformfloding-pontaddlliondJiis'cdi'istypicdlytheactof 

nsetjng n-l netjode crafl(iding-paint-procEssorin*udion). If 
you use opET^or + with aflo^ng-pdit numt)? aid ai i nteger, 
theaimpiler ceIIs eq)e:iEifixiclicntatixnlhelntintoeflod 
Endttim c^ls theflo^ng-pditEddtioncode 

ButnC-H- tspcsaUetoddinenav apaacrsthaworkwith 
da5seaThsddintcnls|uSllkeaiordinayfi]ncbcnddinitian 
e<cept tha the nane cf theftflicB en ccna as cf the k^word 
opflralorftJIowedi^thecpaaor.Tha'sthecfiJy diffffence sndil 
tjeconi esafundi on like snycthfffuncBcuwhi (in the compile" 



Warning & reassurance 



criybui 


-in daa types csrnnt be &\ 


meip 
Erged. 


"" 


ths 


1 1 " -.-. 


iffaHtly, cr 








1 i.,i, « 
hasmea- 


ngOriyeneiprsaon™ 


-™ 
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«~ 


Syntax 

aneofthSfu ttxisopcrior® 


ked* 
d^aic 


s 


= 



a na^ cpaaor{onea"gumHit)crabinay 



] mat fo u ay onefcf binay -theobjel 
.theld^ hafid agunait). 



fundjcnsttia ainoyncewhaith^ needled. The an^eagL 
swhi^ipea^onthen^-hanJsdeof thecpffacrforbini 
cpaaora Unafy opffd:or5ha/enoa"giimHitsmhai ddnned 



Emetypedfth^'renotthe sane type the 



Overloadable operators 

theuseof opffdior (WHioadirigh5farly rearlcBva Inpilicula", 
you cannct combrneoperaiarstha currartly ha/eno meenrng In C 
(BJjtti £e ■* to represat oiponentidion), ycu CEnnot <hangethe 

^1 ofthesealionswould produce cpaaorsthdiccnfusemeEring 

TheneittwoglffiGcbcnsgve&ianpleBof ail the'regula"" 
cpaaorswsloadedinthefomitha you'll moit llkdy use 

Unary operators 

Thefdlowing&anple^iwvsthe^ntaitotx'e'loaddl theunay 
cpa*TS. in theform of bah globd funcBcnslncn-manba-frlmd 

IntegerdEffi dicwn pra/i aidy and add a new bytedass The 
meaning of your padojlaroperacf swill d^and cnthew^ you 
matto use them, but axia da" thedialproyammffbrfore dang 



Ba<^aiog of d\ the unary fixKiior 



rdingtothew^ thar argunaits 
to pass aid raurn a gjmatB are 
idtheonsthSfollortinthenert 



Increment & decrement 

The(vaioadel++aid--opffd:arspresatadiIanmabe:ajse 
youwailtobeEt^etocdl diffa"atfun(liansdq)a¥lngan 
mhaho-the;^ipea-brfcfelprdixlcrdla-(po5tiix)thecl)e± 
th^tea^ingupcnThesoliAon IS ample tutpsDpleEam^mes 
find It 3 bit confueng d: first. Whaithe compiia" sees for Q<£fnpl< 
++a(apre-i ncranat), it gata-aes a ceI I to opcrdor+4(elbut 
whaiitseesat+,itgaiaSesacdltoopB-*)r*+(^in8ThSis 



Ovcfl oadlngUnof pcrator&qjJEr themanbafuncbcn 
vagi!ns.ifthea!mpilaBees++fc it gEna^esatsll to 
BiopcratHT'i-fOif it sees tn-f it (all sesfivatan-fanD 



ha/ediffa'atagndure^soth^linktotwodlfferaTtfuncBon 
bodi ea The compile" pEGSGS a dummy ccnstatvaiuefor the Int 

nejff used) to gaieraethe different 3 ^iduref or the poitfiH 



Binary operators 

Thefdiow ngl 3 ng giea&theeiai pleof 
OvBlaailln9llnayOpirati>rs.q)^bin£r> cpeacrssoycuha/e 
anaonpiecf dl theopffd:Qr5VQun ^waittowaioal. Agan 



Edf-£e3^¥nat;ltiisisagenad guiddine Insomt 
netsssafy; for etanpl a with opvdor+^ou oftai 
A+Wtaidha/eitaddAtoitsdf.Themoaimporti 



Arguments & return values 

It m^ !fem a I Ml earfuang S fira when you I cok S 
Ovcfl oadlngUnary pcrdnrs.(p^nlcger.hmd ByteJi en 



iispredofnJnaiUy whiycu'll use Whm 



Thetypecf rflurnvaiueycudsculds^edid^endEonlhe 
e-p€ct€dmf£ningcf lheop?dor. (Agartyoucaido 
a^h ng yauwat with Iheagum aits aid r^urnvBiueB.) If 
the dfed of the apaaorlsto produce anew vdue you will 
needtogenad:ean&v cfcjelBEther^urnvdueFor 
a.anple IntBgersoparator-FiuBt produce ailntegerobjea 



^11 thesG3^¥nfnt cpe'^c 
Ike^^^it'sacpeledth 



s(tabUunc(];oc^lfund]i>na^ 

lustheriumv^uefof^lcfttieasg 

Idbeanoncorstrrfaaicetnttielvd 



Th, 


equivGlmttypedeO 
iino-anmtmddejane 


It cpaaors press 




d„„™b„ 


cf the pre- end poSf ik va-g. 




die 






1 so cainot treS the cbied: as aconsl Thep 


rrfi: 






vduecftheot^st^a-i 


itwasdiaigad, SD 




japecttoga 


ba: 


kthenbieathawasiha 


rged. Thus with p 


.r* 


xycucaiiua 










upposdtn 




mthevalueiairetheu, 






J te forced to 




aeas^aaecfa^Eaton 








Will 


T poaf IK you rraia rim 


TbyvdueifyouiA 


i^topreravelhi 



itethayou'llscxn*m6siindth( 
era Qaranaitoperaarsriuming winter bool to inOEcaa tcr 
eonjrfe whdhffenctjejddea^iedtoma'ethroughaliaisd: 
theaid of tha liS.l n™ thecfjcaion la 9iaildlheffiberaiimec 
£s mrstor ncncon* If ycu d[av the cbjett to be modified aid 
5ane(inewritEs(++dJijnt«func()ivillbecpeairigcnait^f, 
but with Iw-f) Juni4)f unc( )opa-aes cr the tanporefy objea 
raumed bf IhepoShx opBrator-f+Tanporery objects a^e 
ajtcmaiceily OHidsothiswouldbefl^^ tythecompila', but 
f cr cons aai(y '5 B^eitm^mdie more saisetomeke than bah 
const aswas dene here Or you ma; diooseto mekethe prrfix 
vaB 0(1 non-corstatd thep<«fiji con* Betsuse cftheueri ay of 



Return by value as const 

de^esabitmcreeiplenaictiConada-th 
you useit in ai spraaon sudiffiHwbl thi 



The return optimliation 

used. Inoptraor+foreiample 



hism^ lock dflrstlikea"funclicn call toacon^ruct 
at The^rtai IslhS of atEfnporay ot^ect: thestaan 
■nAeatanporay Integeratjettanilriuniit" Betaj 



iccntraBt.the"raiffriingatanporay" Epproai^wcrksc^ite 
lifa-Eitly.Whaittieaimpila-seeEycudnttiisitkncwBthayoi] 
areno dha" need f or the object If 5 (reding thai to retiBn It. The 
ynplle" takes ad/arisgecfttis It/ bull cing the cbf el (/rar^y Into 
lelocaa CXI of the cuts deraumvdue This reqLJi res onfyaan^e 
rdnefy conslnjctarcefl {noapy-ccnslnjctcri5necessay)and 
lae'snodedrjctorc^i! becausyoune/a'aluaiy cedealocd 
bjel. Thus whileltdoeait cost Gfythmg but prog"£m me" 
vaaiffislt'sagiffjcaidy more dfiaent. This IS oftai called the 



isir^ly differat^rtaifar 



ThesjbEo-iptoperatorflmustbeamanbH-funaionaid 
requires a a n^eargjment. Betajseoperaorl Implies the 
cbjectit'sbengcdledfor £d:slikeanafr^,youwill cften 



Operator comma 



The^ddfundJandlowsthaoDmr 
inqjpaion. Theusa^shownlsfar 
AHhou^youwouldprcb^y usej 



Operator-> 








Theoperator-scBgaiH-^lyuEal 






otject 














naistforatypcdpoi 


ter, aiabialli 


ethisisoft 








pearly usrful 


you w at 






daEsa-oundapdnta-t 


Dmdcethapci 


ita-srfeor 








iirsaicbatt 


amo/eEtfi 




acd!a3ia 


/ anfens- of otha- d^sts aul sd KtB 


hanoneS 




milhout 




aieimplanat 


*';^d^' 






such £S 1 n the Staida^d 


++Libray, de 




Jume 


2cfthB 


ook.l 








A porta- 


dfrrfa-ence cpa-acr m 


uabeamanbe 


fundi on. 1 


has 


addition 


.dypicElccnarantal 


mustraurnai 


ctiaztlcr 





lOb) drfinasth.chiettstha a-emaiipulSed mthis 
. Thefunctionsfl J afxig()gmply printout I nta"eting 
ing Atlcdds mEmb?s Po ntasto these ob^eTs sre 
sdeartana^oftypeObJCoMnoiiangitsadlK) 
ObJCortalnalookslikeEfi ar^ of pdntas but you'll 
---' — Nwa^ toga the pointe"sbad< cut agan.How&a", 
dfdEfedaBafrimddaBssoithaspamisaonto 
he contanff. TheSni»tPolntBPi£ES I ooksvay much 



tg'OCisflllEd with ObJ objects a 



Ha-*- *mthDU^Bp di>=3-tatjally ha/ef ( ) end g( 1 




Eslheadud HEdingcfthedaB^thErea'eonly tw 
aicfEhereThefirstisinthededaaicniifthedE 
safrlcnd 



The sccnddHfaHiceisintheOhJConlBlnonnemba- function 
beglnOwhidiproducFsa SmartPolntalhd po nts to the 
begirifiing of theOl))ContslnaBaiJaice Althcu^ it's reelly only 

intheStawJard C-M-Libray. 



jdmlhepr&ious<h^a". 



unda-aaid£bleTltetndcwhEndrfiriingi)paratw-a*Bthaitmu5t 
rdum ai objEct f or whi di the operatori )c£n be (eI I ed w ith the 

a"gLflnent5 f cr the man be" f uncB en you 're cd 1 1 n^ 

The^/rK0ja^<ra'/Dpflralori}rTiu5t beamanbefuncBcf^aKiit IB 
uniquelnlhait EiltwsGfy numbffof argjmenta It mskesyour 
ctjEjllockHkelt'saluGily afundion. Althcu^ycucoulddd^ine 
se/?Ei a'aloadEdopvdwOrundicnswIthdifFa'ent argjtnait^ 



i C++ Library usesthefuTKtior 



To creSeai oftr^xr-o^au mua f i rst <reae a d assivith ai 
((jsratorijtha: isthetypeof objea tha opsrattrii'will rSum. 
Thi&daBsmustsomdiow CEptirethenecessay irformdicnsotha 

whmtfteoper4i>r()iBcsilEdtwhichhGppeisajtomaicsily).tfte 



thosetotheFuncHonObjectcnstructorthaacfesthevdues 
Whmoperatorj^BCElled, the ccmpilfr immediacy turns Efcund 
endtEllsiipH-atoriKwtheraiurnvalueofoiMratiiralpesangin 
the Ergum mtsthS wffe gv m to op«rator->f The 
FiBKllaiabjedzopa-abill^esthe ar gumtits and thai 

NGtcethavi'hayou£redcingha-e|ua£swith(ipBr(tiir'»is 
insatingyairsdf in the middled the cell to op«r*ir^Ttiis 



C-H-'stcm pi (ton shall gnldfsoi bed in thelstdnEptercf this 
Operators you cant overload 



a-loeded.ThegaiaEira 
EEk Ed'ely methenigns n 


Bonfcrtherestrdioniss^dy. Ift 
e itwould somfhcw jeopa-dizeoj 
idcethingsha-dfr, cf confuse eiiS 


'iz 


lanbffseleaicnoptraor.CurTatly.thedot 
mgforan/manba-madEEabutifyojdlw 
jaded, thai you couldnt aisss manbsfs i n ti 


nftob 


operf 


insteadyoj'dhaii 


itouseaponta-aidthea 


"™ 


Thep 


onta-tomanba-i 




thesa. 


Thfre'BnnetpcnEitiaK 
fcrthiswaBOparrtW-f 
p£f sng quesdons AIsd. 


C hEsnnapanentiScno 
mpleiily cf tharamprlEr. 


Jiacho 
ddifflo. 

peraof, 

yielityt 


prcbl. 
prcbl. 


pis 


si cpaaora Tha is. you c 

ttun-a*Iy,ntheEa.P£rt. 
minepretsdaice and pat 


[(the 


:z 


Efitchaigethepri 


Ecsdaice nJes The/ 're ha 
Jtlatingpecplepl^with 


iT" 











Non member operators 

I sen cfthep a aanpJeath cps^crsma/ hemi 
a onmanbH- jid tdoegitseemt m* mudiciiffa-< 
Th ajdly asGsth quesbon Whithdicxjldl chotG^" 
gaiersi ftdoantm^ aiydffaas th^ ^Tould berr 
t HTiph^H th afiaxdicnbawesith cpffacr aid Its ( 
Whrnthelrfthaidcpa-aid alw^ ai cbjett cf thecum 

Howe/a- ainebmesycuivanttheldl-lHKlcpa-aidtobi 



impattartthaihi 



msmill dfectthe&ftemd cbjetts Inthi 



ostreamb oper<tor«<oslreanti, |nlitcaisei(ti||]re9Dlv€&toi 
Int 

OncHdltheaSonsa-epaformedonthelstreamorostrBBni iti 



(nmalnO anewtypeofiostremis 
cai a-eaefrom actisrarr^, asEtiwi 


uBsJitheitiln 

meaisthathe 
xtypingdda 


ThefctmEtiiwninthiseonplefor 

copy thef unction s^aures end rSj 
famalthebaiiy. 


operSoTBfcry 
mtypEEEbcw 


Basic guidelines 





Operator 




All unay cpa-acfs 


menba- 




/Tj^/bemanba- 


&ir-'«-'»^«* 


manba- 


Alldha-Hnay 


„™„i. 



Overloading assignment 

A common Bcurceflfconfuacn with nSdV C-H-progranma^ls 
E&s^unmLThlsiBnobatiitbecaListheBS^IssiJcha 
fundanatd cps^cnlnpro^anmln^n^dojvntoof^lnga 



Inthesecandline thecbjectaisbangfMfTa/ A nav cto|ectis 

yQukn(wthd:aa]raructormu5ldw^5becdleda:thepoint 
whffeaicfcjelisddined. Butwrt(tia)n3ructor?aisbeng 
□■ediedfromanedaingMyTyincbisflb.onthen^adeofthe 
eqjd H^), solhae'sonly onedicice thea](^-ccr3ructor. Evai 
thcu^ 31 equal a^ Is rrvolved. the copy-condruttcr i b c^llEdr 

Inthettirdllne things are differaiL On theld^ade of the equd 



MyTypawperatiir-s celled fcr a teking es en cr gumat whe 
^peEfBcnthenght-handsdelVojcanha/emultipleiiptra 
f uncb cnsto t^e diff a"3Tt typescfn^-herdagum ata ) 

Thi5beha.rlor Is not reelrded tothecopy-conBtrucEor. Ar^ tin 
you telnit Sizing 71 ab|ed: us nger alnBtead cf the ordineiy 
funcBan-cdlfofrn of the constnKtcr, the compile" mill lookfoi 
ccnstiudicr ttiS co^its whSe/a^ I s on the ri ^-hcnd a de 



Behavior of operators 

sdeofthe-Mfytwasposstileto 
youmightatanpttoreddinetha 


buiiUn'-'sgn; 


r 


heccmpila^ * rtsltiis whole isa 


lel^forangycuton 


*• 




Whmyouirf^emop(r*ol^yajmu*ccpy£llofth« 
rfomaci- en heright-hendcbiettintotheajrrmt 
sfrenbieO: haop«raor-5bang(Elledfcf)topafo 


objea (tha 


12:OpB.«orOve,losdins 






1,45 



Iwootieisof the ssmetypa you should Gild 
E&s^uEimblBtheotiectbEjngGGS^kEdtoil 
sjdtaBtfiscne it'sharnleGsif youperforn 



mdtH" cf h^t you m^ f orga aid cause ha"d-to-f i nd bugs 

PiHnte s In dassas 

W a: ap HI thpobjel otsoa ^ reianple whaif 
Iti ot^ectccnta poi a" ot aobjel Smply ccpyinga 
CBiTta" G£n a Qu aid w Iw bjelspoirtmgtotht 
san St ^a oc^cn. na a an these ycu need to do 
bockkE^ngcf ou cm 



Dogsas 


pled 


aBsthScmtansonlyartrlngtha 


namecflh 


edog 


Hcwe/B-yo llgHia^lykncww 


h^paist 




iSXSo 




1 kea oi^-condnictorac^tha 




aaoa 




argumHtthSis 




D 09s nan- 




suBed to hd p traEthebeha/icr 


sS 


ethS 


hcns/a- a manba-furxtion pnnts 
irform^cndirealy but instead s 








infomSio 


nrsdi^l^edtel did by adding the [■ ar 



A DogHouHcontansaDogianddanGnstraEsthefour 
ai necessary ordi nay conBtnjdcrs the copy-construdor. 

opflriflO^hecksfoTBdf-ass^imenta&amaterof cours 

thcu^ It's net stndlynscsssEry ha"eThi5virtusily dimi 
II fcfgdtochad^fcrsGjf-aBagnmsnt I 



Reference Counting 

,-., .__. ., py-conBtrudcr aid optrioiwiidce a 



lisinpyingA 



^v e I ntd li gaHEto Hie (±1 ellhi's ba ng pd nte 
h(j(¥m£ny afc(ectsa"e porting to It Thai mp/H 
as ^vnst mG9i5 dta:tii ng Gndhs' poi ntET to J 
aid \ncran3tinqtiierds3retaMt, Dsdnjclic 
the rrfa"aicE GBXt aid desire^ ng the ot^ect If t 



8utwh^ify(XJwaTttowntetothecbje<HtheDoginthee(anple 
aba'ePMorethaioneobjectm^ beuanglhisDogsoycu'dbe 
modiJylngEameDre else's Dog aBwdl aByour^ whidi doeait 
seanvay naghbody. ToaJvethis "EtiEang" prolan, ai 
aJcitionEl te:t¥iiquec^ledi3^/-437-riT/^lsusEd. Bd^orewribngtaa 
tJod<(rfiiiai cry ycun ^esu enDcneelse uangit If the 



p?san^ ccfr/ of ^tJodtb^crew tang 
scmsxiedse tuf Has aampi aianpl 
End copy crvwnta 



EsDog Itf otfatpofntaJtot^aDogHiHiselt Titansa 
The- opi cnstruacfsoyou anm£k nav Dog from 



B^creytMimskeay modifica:ions(9jdiasr€n£fningaDo^, yt 
^ould aisure tha you a"ait(tiafcgng a Dog tha seme other 
ctjectisuang Ycudottiisty caillngDog" 



The copy -ccnslnKtcf, instead cf (reaing its (w/nmanory, egs^is 
D ogtotheDogcfthe source obied:. Then, l*9:ai5etho-e's niw m 

r^amcecoiiitti/cdlingDogiEdtadlO 

TheopfirdOTiriledswithen otfecttha hGEeireedy been (re^ed or 
theldtadeofthe-EoitmuafirstdemthSupb/cdlmg 
itatacWXiirthaDogwhidiwilldeBtrcvtheoldDogifnocneds 
isuangitThmoptratoIwfpeasthelidiaiiorofthecopy- 

aa^ngthesaneotiectto itsdf. 

Thedearud:orc£llsdrtadll)tocDnditionelly destrir/lheDog 

To implanaitccpy-on-wnte you mu3 control ail theationsThd: 

mant>e"funclicndlomsycutodiengelheveiuesinthet)lod^of 
manoty, Butfirst.it uses urdiaaOtopraentthemodificaion of 
31 ell esed D og(a Dogwith more than one D o04ousKb|ect 
pointingtoitl.AndifycuneaitoproduceapointatoaDogfroin 
withi n aD ogHousaycu undlaif )tha pontafi rsL 

nisln( jteststheua-iousfunctJonBthi must work of rettly to 



alccnai(£lly(red:ealypci;opH'd»ri4ypcifyGudGrtiii£keGr 
The b^a/i cf cf this cpaaor mimi cstha cf theajtomdicdiy 
(reaed ccpy-a/iaructor; ifttiedass contains oti^els (or Is 
inhentEdfrcmGnolhs'dEGs], theqiflrddWorthtKecbjEctsis 
cdlEdreojravdy.TtiisiscEiledfTCT^iffjfisesra^rm^f Fcr 



[e^eodly if th^ contain point' 
m optrator- If you rfelly den' 



Automatic type conversion 

uangatypethSiE 



Constructor conversion 

I f you ddi ne a ccnslnjctar tha t*eB EG Its 3 n^ e agym at £n 
ctjaKcrr^aenc^cf aHthETtypethacanarudordlowsIhe 
ccfnpila"topaformaiai:(xndictypeaxft/a9art Fcr&anple 



Whaithecompilerseffiff )i:siled with aOneobject.lt k 
dedafScnforfDatdnaicEsitwETtsaTwoThHiitlo 
if there's £fiy wa/lo gd aTwofrom a One aid it findsl 
ccfi5tiud:crTw(Cr*ro(0ndwhidi it quialy (all s The r 
Twootjat is herded toftl 

trodblecfdrfinmgtwoa/a-loadedvH-sonscfHJHoiv 
coBtisthehiddaiconsOudcrcdl toTWQ whidima^ mj 
youYecoraanedEbaitthedTidency cfc^lstofd 

Preventing constructor conversion 

ccnstiudicrl^prdadngiviththek^TivcrdaqdldBwhi 



(cttier ncn-aplidtcoTiBtructci! 

ajtcmaicco™a-3cnsl.lftheL 
heppai, the code miM bewritt 
f n'wo[onS>!rEaes atanpon 

Operator conversion 



dctypeo 



anba-funaionthat*;es 
theajFTattypeandconvatsittothedearedtypeugngthe 
Dperdijrk^wordfalJc™vedb/thetypeycxjwaittoa]fft/ertt& 
ThiBfoTFTi of cpa^or cverloalrnglBuniquebsajseycudcnt 
Eppeer to ^jeaty ardixntype-ttieraum lypelsthensTHcf the 
cpaaoryou're ch/Efloadlng. Here's £n 9[Emple 



^rt'^^d^inesaiajtama]ctypecantfa3an(eL'mif it'sgolmart 
ihan cne Ergument iftherE&toflhea'gunmtBa'eddailEd]. 
t/hdimaj net be wha you wait (inwNch caBeycu C£n turn it i 



6 with manba" otjHls theJd^-haid opaa 
cpa"type If you watbcth operands to bf 
cbEJ ve'sonscaisa/ealot cf codng H?* 



ClassNunba-hEsbnlhamanba-ifMrdiir+aidalilaicI 
opa-dsr-.BEcaisethae'saconaruitcrthdt^Esasnglelnt 
a-gumat, TilntcGnbeaitcmaicdly ovatedtoaHumbKbi 
criy unde-theri^conditionslnirrinClyoucmEeethaaldi 
aN umberto aiotha- HumbtrwinksfinebEcaiseit's ai aact 

Humbarfollowed by a + iid en Int it oimSditothemanba- 
funaicnHuml 
Num bo-US ng the □ 

Numbo; it doant kn™ wnato do Daajseai it nasis 
Humbsfzopa'atiiriwhichreqjiresthSthelrftopffmdelready 



held^-haid argjinat. Th 



EfgunfrtBtoHumbtrotjatsaidlhaicdl operator-- T 

meenthSeiisBngCccxtemightsjddailySarttomctk 



Type conversion ex 


ample 






plemivhidiaito 


maictypeco™ 




hdpful 


xojrswlthai/d 


ssfhaaicEpgjiaescha 




wewHIjuSiFT^ 




gngth 


dringc 




pie) Wilhout a 






an.ifyouw£rttn 




gstrin 


thaStaidEfdCMbray.yoi 


ha/etoireae 





m ghtbe EsdEd oitu ady yt 



op«r*jrY()lfdaB5YhasaconSnjctcrthat£kesa' 
a"^jment(]ftypeX, thisrGpresatstheldmticd type 
TheccmpilffncwhaBtwow^stogofromXtoY.a 
gaiErdeaianti^ily Error wh9ithacarv?3 en oc 



typeoiwa-son - isto priwi de cnly aangle aitnmai c tnrua- 
from aretypeto Enotha". Vou cai haie amiss ens to ahtr b 

c^lswi^ nanEs likemAcAf latd nak«(] 
Hiddan actlvltiBS 

aiivitjesthEfiyajm^eipett.AsalittiebrantEeEa-, lockSI 
modifi c^ en of C opy In^ El nM dl zdlon Jn> 



tnKtortna-eaetheFeefM'rcmaFoobiecL 

rtocreSeaFeefromaFeabutthiBisonerfthe 
ithecompila-tancreSeforyou. (Theda'ajit 
y-conSruilor. opcFdMvaid destructor can be 
jtiSiiEllylytheainpiler.lSofcrtherelaiiuely 



racT I staled, aidaccpy- 



ndictypeccfft/H"sanca"d^ully. Aswrlhdl 
ngpt'seicdlHtwhailt agnflcaiby redi* 

t'sugiiaify notwcfthu3ngg"auitou^y. 



funcEhcrswith funny nanea aidlhefuncbancdlsh^paitobe 
madeforyou bj' theajmpilH" whaiit ^ctsthen^ patan. But 
cpador waf oaJing doesit prtvi de a s^lficat baidit to you 



isajeb/addingit. 

Exercises 



oj a\ oadEd operdon-frTry 



Add^Dfia'dDr-i-Kndopa'da^oEKa'oseZ bcJihthe 
prdiK£ndlhepoitfiHve"3cns such thath^raum the 

Modify the irKr9naitaKideran3TtopadDr& in 
Exa-Q Be4so tha the prdix uaacns raurn a nnrvconsl 

Shew thath^ wok axrealy md apian why ttis 

C haige theprlntOfund: 



I astreanO peraUrOveri oadlng^p 

ModifyE«a^cise3sotha:theoptr*)r+endop«raor=a"e 
navmanber fundi ons Danonaraethathe/ Sill wojk 



■prod an by 



I^nngyoui 

Es^mat afcd handletha casepropaly. 

^rite a d^ c^led Birdtha contans a rtrtngmanba- 

ndasWicintlnthedrfsultconaructor, UBStheintto 
(jtcmaicEily genffd:eaiidaitifia"thayojbuildinthe 
Iring e/ongwith thenane of the d ass (Bird #1 Bird M 



Bsyimmtoptraof^^id a copy- 
verify tha a/ayttiing wcf k& 



Ed BirdHouMha contans m otjat a 

a-aicefcfdaEsBirdfroniExa-OBeW 
tiouldt£kethethreeBir*as 



mm □ I f^ I CM the £Ea 7¥nEnt op 
cnstnj(tcf. I n mdn( 1 verify tha e/aythi ng 
correctly . M £ke Eurethaynu cai dia n 



th Bird aid BIrdHousan 



en op vator-Co Sm atPolnlcr^iEnd 



Modify CopylngVslnltldlzdlon^pothadl of the 

odNouvvaifythathetwoformsof cdlstothetcpy- 



I n HdooKeCajntln^qipadd ^ stdlclntEnd ^ 

thesWie inlaid Ks^therfsjlt to the crdinayintto 
keGptrad<cfthenutnba"of objedBthaha/ebesi 
creaed.MEkethenecGsay modified! cfE so thadi the 
pnntmgstSemaitswill sa^thelntidertifiasof the 

CreaeadEBsamianingaMrtnaaBadaamanba-. 
Initdizetheatllngmlheconaructor, butdonotcreaea 
copy-onslnjctGr or opcrdOTH M £ke a Eocnd daEslhd 
ha5amanba"cb^ejlofyourfirada5E donctaeaea 
copy-onslructGr or opcrdolWcr thi b dass atha*. 
Danonaraethathe copy -cnnBtrudcr aid operatol^«"e 
prcpaiy ^ntheazed by the com pi I a. 
Combinethedas&EsinOvefloadingUfuryOpsr(tors,qip 
aid Integer.qip 
Modify PalntaToManhaOpH-dor^lJ/ ad ding two 

operdoro'tfiaworkswith your two nSdV functions 

CrcaetwodeEEEs Appleaid Oroige In Apple creSea 
conBtrudcrthatEkesmOrengBEEaiagumait CreSe 

afunctontha tikesm Applemd ceI I tha funcb on with 
ai Oraigeto sh™ tha it wcikB N ™ mEketheApple 
ccnEtfuctcratplldtto dancnstrae tha the aitom ai c 
typeovasion isthuspre/ated. M odify the cd I to 



)£l q)(rrt:a*tonsriailuitylnOua1oBding,q)fi 

) d£65es end (rfSe en opwahir+aid the 

aing en eiplidt 



13: Dynamic Object 
Creation 



ro Bdvethegaiffd prQg"Gmmingprcblan, if&eGsaiBGi thayou 
3e£bletoc"ed:eaiddestrcvQbjectsd:njnlime Of course C has 
Biw^sprthlded the (fynsmic ntsrury ^lasboi fundicnsBidlof^) 
and f reel )(d dig w rth vai ats of m * Qd ) ths d I ocSe aorage 
Tcm thefl^{dH) cd led Ihe^ffijfff^ a runtime 

Htwe/er.ttiisHmpfy wont work in C-I-+. The CQnarud:ordoent 

all (w you to hand ittheEddrsEofthemanofytoinitidize and for 
good reason. If you could do thS. you might 



It thewrong-azed obfel. 
"ffi ei/3iif youdld&aythingcorrecdy, Gry< 
urjffagranisprcnetothesEmearcrs Impr 
nlBre^Kmatfeforalagepcfticnof prcgrar 
oit'seqjeadJy jrnportert to guaratffi const 



£e cfajects dynenjcdly ontheheep' 



nd aictha" cpaaorto perfcrn 
aang stcf age thecompil a" car 

nddesliuctcf swill becailedfo 



1. Starager5dlocd:edfartheab|ect 

By ncwycudiaJdb€jls/eth^dgitmoa'**ai^h^pHis C-m- 
^fofCES It bsBJseuvritLdizeb objects 9*63 major S3jr<s of 
proyEfnbuQS ltdoesitmai:e"mha"eorh(hv thecbjectiscrea 



prolan. 

reJeEEfdajtofndicEtJy athetanptanentafy aeubcnpoirfl: 
(the d 03 ng brace). These aaii-Eiloca^ CXI □pffaionsa'ebui It 

intotheinslrudicnBdof thepocessomdarevay dfiamt 

need when you 'row ntng the prolan 50thecofnpila"cai 

genaae the ri ght ode 

Etoragecaibedlocaiedfrom a pool of manory cdledthe 

heep(eiBokn(wnaBthefreestore).Thisi5C£ileddynanic 
manofy dlotaion. To£ilocd:eth5manc*y, afuncbcniB 



C's approach to the heap 

r tB Btandar d I bray Bnllot()atditsu£fimtsc«lloc(lmd 
ndlntl Ko produce mancfy frcm thehsep. md f rea()tn rd ea 
themanofybalitotheheEp TheBe fundi ens are pr^ndicbu 
prmtiveaidrequ reundaBtaKiingaidca"eonthepat ofthe 
prog" jnma" To aeae an nstanceof adasscntheheapusngi 
dynanicmanofyfurKton^ VOudh*etodo5cmahingllketh 



Ha-etheus-mustdiaminethea eafthecbjed: (cncplarator 
aiaror) malli»c()retumsavijlll*bfcaiseitju5t prcducssapadi 
cf memofy. not ancbjel. C-i-i-doeait ^HtwavoiiftobeaBagned 



If fa" ojfrelly, th^ mu3 r 



laBlhe optJon to f orgd: to paf cfr 



3:hi RES EJ locking huge tt^s cf vgti^ Esin the Et^c 
eato a/ or d thinking ^oA dynanic manoy ^loc^ior 
H-isdtHnptingtomEkelibray UBesrfeaid^ortJess 
sjd pro^anmer, C's^^roahtodynanicmHnofy It 






acTE^ Thus if you s^ 



aniflmatheaiuivElatof rrdloc(BlzeoflMyTypd)s(Ellai 
IdtEH. ltislita^lyacdlt□^ldloc().aHlthe(alst^JctorfG^ 
MyTypeiscdledwiththere^llt^^g^dd^ess£Bthetlllspo^ta■, 
uangClf3asthe£rgLflnHitll5L BythetimethepanterisEes^ 



Thedd^ajltnewdiebi&tom^kesurethemancry Giloca:ion^ 
HjcceGsful bd^ore pEffi] ng the address to the ccnaructor, sjyi 
dont ha^etoa<plldtly daamineif theoil wasBuccesduLL 
thediGpta"you'l I fi nd out wha happens if tha"e's no manor 



becomes- aan^eet press on, wit 

s^aydficksbuiltinlfsEseas^t. 
It IB on the aed; 


leai ng cfa^eas en the he£p 


iperator delete 

The compi emat to the neiv -i 
withacdltofreaH.JustasE 


r= 


-eipr 


istheife's'sap^ 


lotjedL 




S'( 


erlier 


egefortheii/nE 


mcdiy 



deletecaibecsiledorJy fcrenobjelo'eaedt^neiKlfyou 
nalloc(]<orcdl<K{)Grreall<xf)enGb|eaendthmddcteit.the 

bdiaiiorisundrfined. BaaiEemoBtdrfajltimplaiKntaionsof 
mw end dddeuEemdlocf )erd f reef 1 you'd prcbably avi up 



Dd^ingenobjelmcfethGncncei&dd^initeJy at 

A simple example 



usewithGniMtreanaHlaTreei Nets hiHei 
thefufKtionisdeda^edGGafrlcnditisda'ini 
a mae ccfwaii axH -ddininqafrlaidfunctK 
d 355 dnegit diEfigethefrlaidaausorthefE 



irsHod Iwith <dlo({ )Gr naUod I) 



ThepcxilisseEfdwdfQratJod'iof mano^ la^geaBughtosdir 
therEquesLThislsdoneb/iheditngam^pordirelofy of Bont 

3jal^elt'saquidiprocEss.butitiii^t^ese/a^triES50it 
mi^notbeddaminisBc-thSlsyoucaitneteGsaily count! 
mallacC ]^w^st^mg eiadiy the sane anoint of time 



Thema^r ^1 tfisisimplsr 



Early examples redesigned 



tthispaintinlhebodt.natfia-tfieStastincfStackdaEsesivill 
:wn' the cbf Eds tfi^ pant tatfi^i^ when the Stash GT Stack 
bject goes cut of scope itwill nctcsil dfl4afcr£il thecbjcctsit 

e^iaictfi^holdvoldpontaB If ycuddrtaavoldpanta-, 



del^e void* Is probably a bug 

sworthnakngapont hafynucel ddaMor avoids it 

ain ost atady gongtobeabug nycu p og^n unlE&sthi 
df£t n^cno ha: pan a" Bvay an pie npatiojla", it dio 



ideG50hiectcontansa«olll«thSi5initiElizedto"r™"ilM(it 
3it point to otjects this ha;e deSructoTBl. I n theObJect 
truaor.ddttois(3lledfc(this¥i)lll"withnoillrffectsance 
only thingweneel to h^paiisf or the borage to be rd eased. 



themefnofythd:dalapcintsto.Wh3>thisprQganco 

probably went seeeny ma"ning meffieges theo/npih 
you knobvwhdiyou're doing. Soyougaavay quiQr 



Cleanup responsibility with pointers 

To m*etheSta*aid Statkoatana^fleiiblelebleto 
typeof chjejl), th^will hdd void pcintera This means 
apointa-isrSumed from theSta* or Sta* object you 

ittotheproperlypebd^cfeusngit; a&5esieb(weycun 
C£fl:ittotheprcpe"typet>d^oreddelingit oryou'll gaa 



itEsavold'aidthL 


B cannot paf orn 


thepropads 


up. 


heusa 


muEtbere^Gtiabl 
EaicuBprcblan ify 


QU add pontas 


leohiettBThiB 
oohjettBireaec 




^L 


jirfchiettBireaed 


mtheh^itoth 












tathahemtbi 






cntheh^i. (Andvi 


laiycufidi a 








contana-.howwill 


you knav wher 


itschjetthaslie 




ThusyoumuEtbe 


urethd obiedB 




wing 




cf Sta* aid Stack a-e made criy on 


thehe^, atha 


hrct 


*! 


ca-rful proiranmi 


qabj (reSing 




rtyt) 


e built 


en the h^. 










Ifs^sDimportatt 


m^esuretha 


hediHtprog- 


mmat*ffi 
















~vthestackda 




±sinits 




eUnkcbiettsh 


}/elifai pepped 




aStath 


cf pontas hava/a-, EniUha- eppra 


Khisnffided. 






Stash for pointers 








Thi B new va-Bion cf the Sta*d ees 


illedPSt3*ho 


ds/t 




cbjettBthaaiiaty 




eheep.whaeeE 








[ipied the ob|e(tB it/ ualueintoth 


Sts 


ii 


contaner UsngnewaKldeleta t 








toob|elsthahaie 


tieaio-^edon 


heheep. 







Estheheadafilefat 



TheundalylngddadsnsitsErefariy smil?, but now storages 
En Err^ cf vnldpaints^ GndtheGlJocSiGn of EtGT^efor thS 
Err^rBpaformed with new insteEd cCmdlocDlntheeiprfESGn 



! dstructor dd Qes the stoTGgewhffethevold pointers £ 

ta" thEfiatanpting to dd^ewhath^ point d: (which, i 
uiou^y ncted. will rdeasethar EtcrEgeatd not cdl the 

truOors bfCEUse avoldpointa-hesnotypeinformaianl 

■cttia-ihErqe sther^lasn atofthefetdl()funa ai' 

-ed ntheartana-aidtattheponta^whenfShngt 
(aproblemthawllber^ared n future chEpters) 

-e Erettiemanba-fund: on drf n t oni 



The adlK Ifunction isrffelivdy thesam 




pninta-isaoredinaesdof accpyofthei 


vhdeobjat 




ihedlocSicnofaiar^ 


of vold'inaeal cf the prs/ious dea gi, v. 


(hithwEEonlyivakir^ 


mthraiv b/tes Ha-e mSeadcf usngtN 


sprier Epproa* of 


copying b/ Efra; mdarng the SlaTitai) 


C Htfayfuncbcn 










manay ccrre±ly-butitu5ii£lly doeait 




sitra (a-^.Ttiaimmqiydmiwesthea 


(iaingdSafromthedd 






ha/ebEmoptrmizadiwatimasothe^ n 




locpB*™n pr&iouay. But with afund: 


Imlikelnfla^Jthaivill 


prcbebly net be ussi tha cftai you m^ 




diffaaice Hiweja.thefalthSthefun 




conosetfiai the locps m^ hdp prs/Bt i 


aiding arors 


To put there^cna bility of objaa demuf 


jsquadycnthe 


Ehculdas rf thedi at progranma, thai 


saetwowa/stnaasEE 


thepontasinthePSU*theiip«r*irD 


Iwhith amply rSiurnsthe 






manba-funaicnrmoirtdwhidi r dunsthe pd nta but d sd 


rann/esitftomtheamtanabyEBa^ngthSpoatontozaTi 



9elllna()thaianawftl[)gisa-eaedfra>illnetoiii^e?i 

ind^iaidmtccpycfthSline If mejuapEEsedmthealdresBa' 
llnaesdi t me we dgSaiv hull ebundi of pointETB panting to llni 


Whai fading the pc 


untss, yoi seetlie etpresa ore 


The pa nts" r^ixned 
g«eittheprapa-typ 
etpresacm e,/£(uaes 


fran qperatorf Jnua becaa to a rtrin J^o 

eThaithestrinrisiia-rfa-Hicedsothe 
toaiobjea, a which port the conpila-EEffi 


Thech|aa:sireaeda 
aftheran(M«()Etae 

tdlingyouthayauh 

necEBEay baaisetN 
manoyfdeaEa 


ithe heep muS be deSro/ed thrnu^theus 
mfitcf dseyojll gaamesssgearurtime 
a/HitcomplaelydemedypthectiieaBin 
iinthecifficftheliitpointa-snncEais 



cbjelintheErr^. Tha"e'scxiea]nslrant.hwvs/ff;Tha"emuslbt 

a dd^aj[t ccnslructcf, eic^for^regaeinitidizaEcoonthe 
Etak (seeCh£pta"6). beajseaa]n3ructor with no argumaits 



Thi5dloca:eBa»u^5tar£geantheheepforlC0MyTypacb|ect& 
EndcdlsthecDndrudErforeaticne Nav, hav&er. you amply 
ha/eaHjTypeilwhi(h[sacallytheBane£eyou'd^if youBad 



fpisalLiEJIythe^GrtingEddreGsoTEnErr^, s( 
sdEd: £cr^ danmtsusng an e^prE&son llkef | 
h^penswhenyaj desire^ the £fr^ The 5td:e 



:i:e<£cUy the sane aid thardfect will bettiesEme The 
arudxrwill becdledfartheMyTypeobjedpaintedtobythe 
jmaidress EndtheithedorEgewrll t>erde£Eed. Fcffp2thisls 



withthefdlouving^nt*; 



thenimiba"af ctiels in the ar^. stored 5an&bfha"ewhai the 
£fr^ istrediedatdceflsthedeaructorfcftha may ar^ 
cfajEjlsThiBisatuEily animpro/ed^nta^froni theeallafof 
whichyou m^ still occsonEJIy Eeem c^d cxxle 



Making a pointer more like an array 

As a^esdelhefpddinedeba'ecai be changed to point to 
Enyttiin^ which doGsit make seise fcr the itating address cf an 
an^. It mdcesmcfeBenBetodd^ineitae a constant, Boaiy atanpt 

tomotifythepointawill befl ag^ae an aror. Toga this dfect. 
youmirfttry 



Running out of storage 

WhahappaiBwhentheoptraorneiiirEfinctfmdacontiguc 
tJod'of acragela"geaToughtoholdthedegredctiel?A ^ 



idis^syouVenjnoutof manci 

rhawa^, during debuggng.yoi 



Then^-hadErfunclian mudt^eno Grgimats and ha/eav 

Itrowinga^^thar return addresses) until Ihefree store is 
eihaiSed. Attheuay net eel I to new, no Screge can bed lota 
HDthenav-lwidla-will be celled. 



jroyarfiy). Thisi5ncta|obforlhena/icepro^efnm9". 

Overloading new & delete 

deEHocSeduHngtheopa-awddateThecoraructorend 

andentelly aitvetthan), butyouojdiafcgetheacfege 

d I ocai on findi ons operator newmd (ficrator Mste 

The man my ellocaion s/stan used b/ new end delrteiBdesgied 

ellartsyou to meiload nam end ddeteto I mpiemaTt J our oivn 



Anotha"isajeishspfragmgita:ion. By ailocaiingcbjeitscf 

dfecbvdy ruiautafaEfageThars thestoragemight be 
aja\Ai^ but becEussdfraqj^st^cn no piecei b tig atough I 



In embedded aid reet-tiFi>e^slHna aprogranma/ha/ 
avay long timewlthreslnded resources Sudia^Sar 
reqjirethamanofy eilocaiioneiw^stekelhesaneam 



clheiwise proganmerswill a;oid usngrwwerdddlte 

Whaiyouo/a-load operator nwendopsTdorddateit's 
jmportaittoranantja"thd:you'rediengingcfiJy Ihew^raf 
srtr^sis^/a:3fsiTheccnipiipT'//\\t ^mply c^ilyournewlnSead 
cf theddaJtvaauntodlocaestor^a thai cell the ccfiElTudcr 
fcrth^dLra^So,dtliou^thecx)iiipila^locdesstcr^e^M/ 
c^lstt^ccnEtrudcrwhenit sees now. ef] ycu c^n d^en^wtiai 
youovaEaadnewis1hestor^ed!oc^ionporticn.{dddehssa 



nai you aiBloal opcrdwneiH, yi 



or (typicd lyl thr™ a bad.dloc 
BS likeo/a-loading art; otha opaa 



Thetvfrloadednewmustt^e^ia'gLjmsitcidn tltheStaKJard 
C staidardtypeforazGs). This Ergunent is ^laaed aid passed 
toycu iy the compile" end Isthe 9zecf thectfect ycu're 
re^cnshJefcf eilocaing Vcumustr^unapointer athfftoen 
Gfajalcfthdaze(artigga', ifyouha/esomereascxitodoeo), cr 
tozaolf youcaitfindthemanory (InwhfldicaBethecofidrijaor 
\snctcd\edll Htwe/cr. if you cent find themcfnoiy.ycxjdiculd 
probedy doHindfiingmareinfcfinaivelhailuardunifngzffo. 
I ike c^ I i ng the nsA -hend a or Ifraw ing en e<c^ CTL to 3 91^ 
ttMthae'saprclilan. 



Theopfiratorckl<taekesavold*tomanoryth^weEeiloc^edt^ 
□perdornewlt'savold'becajseopadiirdddffinly ^Bthe 

pointa3^tf*ede3:ructoris<siled, whidirarnwestheobject-nese 



ThEffiUffithe StTida-dC library functionsndlod JETdfreeC )fcr 
ihedlocdxrshvHdiisprctiGblywhatheddailtncwmddelele 

are do n^ NotnethS prtntf ( )£rd putsOare used rahg-than 

iostreamiThiisiBltecajBewhaianiostreaniobjeaiBcreaed (like 
the^abal dn coutardnn). ittsllBnewto all ocSemanwy. With 
prinlfDyoudont^ into adeadi ode basjse It doEsit call new 

tomitdizeit^f. 

Oi/e-loadednawTtdMdaare^Eo called inthdcaGsThma 

Bjr*^eotie±of types IS c"eaed, foil OdVedh»/ an ana/ cf S. For the 



arr^, yoj'll ^fefromthenumberof t^tesrequ-^edtha 

thenumberof cbjettsitholdBlnEllcEBeEthe^ctpd iwe 
vaBciisof rwwaidddsteafeused. 

3verloadlng new & delete for a class 

Althcu^ ycu dent ha/eto eiplidtly sa^ static when j ( 
iwffload newatd ddstafor ad£E5 you're cre*ng stall 
fun(tcnaA&bdor^tfie^nta<isthesEnieaB(waloadr 
c^hffcpaaor.Whffi the compile" ses you use n«if toe 
cbjEd: cf your daES it chocsEsthemanbg'opa'dDrnGM 



T lassFrorlsA dunk of mancry \s! 

efcfobjed: □TtypeFraRlsTodde'ml 
beeiGlJoc^Ed aamplearr^cf t^esl: 



Thepoolaf msnoryfortheRailshe^lscTE^Ed ty eIIdg 
Err^cf t^GslGrgeswu^tohddpdzeFrailsobjectsIh 
dlocdjcn iiiGp isprizadaneits long, so there's cneboolfi 
lilock.Allthev£luesintiie£llocaionm^afemitielizaito' 



the rampil EraitccnaicdiyinitJE 






drfajltvduelwhidiiB 


ifdseini 


ihec^ofbooB. 




The local oparaor™ 


XhEStheE 


aiie^nta<asthe^cbao 


neAlht 


doesissEEfchthroigh 


the £l local on tn^ locking for af dnvalue 




lotniBto 






riunsthe address of 1 




ponding manoryblod<. If 




find art; memwy, itiss 






b«l_illoee((^tJnn. 








ThiBisthefirstaonpl 


eofacef 


^lonsthaycdVeseHiintl 


IB book. 




[mofaicE 


ptionsisdd^eduntilVol 




thsisavayampleus 


eolthan 






Ertjfalscf action h 








follwvedb^throwOmd dlodwMditelistheainpiler ant 




rfflda-thathisfunttio" 


nma/thi 


-™aie(ca«ciiaftvpebad slloc 


Seccnd.ifthae'snom 


cremanctytliefuncBcnaduEllydi 








nml throw bad.allocwh 




etcsptionisthrcwn.tt' 


lefrndiw 


1 acps a( editing aid cant? 




psssed to ai sa^in/BJcIa; m 


hidiisapressdasacaW 


idauE 


inmdnllyousffilhe 


otha-pr 


toftJiepicturewhichisthe&>' 


caWdaiETheliYbJi 






tansdl 


theoxlethSma^thnweicEpti 


ons-inthiscaseaiycElIt 


onew 


thSirwdvesFianisobieaslmi 


-nediady fdlowingthetry blod< is 


cneormorecddldaj 




one^eafyingthetypeof 




etceptionthath^cSi 




ica5acad.(bad.dlo*a/ 


stha 


thshad_allo(s<«ptii 


nswill l> 


scaj^hcfsThispatJojl 


aat* 



The opsraUrdslBteeajnEs the Fran IsEddresswEBireaedinthe 
pod. Thisis afar £BsumptJcn.baajsethelot£l operator nanvil I 
becdied whafce/ffyou creaeaan^eFranlioti^el on theheep - 
tutnot^nGrr^ of Itian: global MWIs used for arr^s SotheuEa* 
mightamdaitdlyha^ecGiledopvdordritfMithautusngthe 
anpty traded ^rit3< to Indicia ar^dEdruclion.Ttiis would 
cajseaprcbl9n.AI%theu^mi^bedd^i^apdnt9'toEn 
ctqed:irGd:ediinthe9£(l;lfyauttiriktheEethin^couldoccir. 
youmi^wEnttaaddalinetomEkesiirelheadct^siswithinthE 
podaidcnaccfrelbcunday (youm^dsobegntosGethe 
potatid of n/frloadednBwatdilBletrforfindmgmemoryledcs). 



I n mdnl 1 aiDugh Franliobjels a-e dynanicGl ly Ellocaed to run 

cftheob|e:tsi5freed, aid anctha- cneiso-eaed to short tha the 
r^easedmanory israjsd. 

Beaisethrsdlccaicnsthaneis^eafictoFranilsobietts it's 
prcbstiy much f^fler thai the gaiad -purpose memory si loc^ion 
Hhaneused f cf the drfeult new aid dal els H owe/a, you ^ould 



ig new & delete for arrays 

ad cpaaor new and ddetefor a dasa thiose cpaaors 
iske/s'youcrEdeaiotiectorth^daEa Hcw&er. If 
I ^T3^ cf thosd ass oti^cta the global opcrdomewls 
[^eaiough BtarEgefarthearajr dl a once aid the 

^ledtordeeeethaacr^e Yojcsn 
xaion cr ara/& cf ot^ectsty (Wfrloadi ngthe ipe3 al 
cf opwdDr new[ ^thI DperAor ild4c[]or the 



Vcu GET Kethdthe^ntai cf ara, mwaid ddcteisthesaneGS 
furthe ndvduElotiectvH-sonsei ^fortheaddibcnofthe 
brak^B InbcthcaBeBycu ehandedthea eofthemanayycu 
must dlocde The 3Z ehaidEd to the ET 3^vsaor\wi\\ belhe^ze 
□fttemb eara/ It sworThke^ng nmndthatheoT/ything 
IheivsloadEdcpadDrnaw s equ ed to do s hand t>aci; a 
panterloaiageenou^n m ory blod< Allhtxj^ycuma^ 
pafofm ntd ajoncnthamm ory nom dly tha'sthejobrf 
the onstnjdorthaw II ajtomaicdly be diedfcf ycurmanory 



ct (ThBmadineussfaurbvtesforaiinHTheopa-iornB 

ilansit^fa^cr^c^ilingdeletecaiEfsthede^ructortobe 

d, thai the opvdor delete 

n an arr^ cf HidgrtobjEcts is ireaed, theara^ verg en of 

"ethe^stan keeps InfcfmaicfiiHXJt the ir^, inpatcxJar, 
umba" of cfcjejls in the ar^r Tha w^, when ycu s^ 



dl the complla" It's an ar^ of cbjet 
gaKrd:escodetoladi:forthenunba"of cbjectBii 
cdl the deamttcrtha many timeB. Vou cai seetl 
thear^cfieratormwBnd operator dddoreo 



c^ls newto allocaeaMyTypoazad pi eceof aorace thi 
theMyTypeconaructor en tha aorags wha happens if 
acrege dlocaicn in rwwfa |5? The cnnsffuacf i b net cdl 
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heproblHi 
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C-H-itwffiBt^da-il 


praUcet 


raurnza-o 


arna. 


stoTEQeEllotaicn 


alai.Tha 


wouldp 


*mt 















tha: you ought to throw bad_alli>onstead. 
placement new & delete 



ilyimpnrtaitwithha-diVE 
reaicbjett m^be^nor^ 



you Ve SGai bdcr^ Ihe f I rd a gimiat I s dw ^s the aze cf the 
cfaject. whicti Is ser^yc^ojl^ed aid passed by the QKnpil?. But 
the otha" agjuiats cai be a^thi ng y ou wat - ttie edcfressycu 
m£nttheot^ectpiaEdiard^a"aTcetoamanary dlocaion 
funcbcnorcbied:, cr anything dsetha is corvaiientf ay ou. 

Thewa^thSyoupeBstheertraagjmatBtoopsratorneiiidunng 

a ceil m^seefn di^ly ojnousafirS:. VouputtheagumffTtlia: 
(iwtfHjrthed«_lagjment.whidiiBhaidledby theccmpilfr) 
^a-tliek^wadnswendbd'GrethedassnaneGl'thecbied: 



the cdia" deadeswheretheobjel 1 5 goingto b 



offs whai you wait to deslrcy theobjel. There's 
cnof oparitrdtlatBsotha-e'snowa/tos^, "Use 



iifels^smetimeb^crethestdcfthescopg raha" 
13" ajuElinglhesapeor (moreairrelly) uang dynam 
Edjcnifth^watthech(al'slifdimetnbeda:amine 





linay chjett ueaed anthe aa 






dled^natheaKfofthes 






wa; for an atjat thiwaBO-a 




the deBtnidcr will 


ateoitabutthemancfywcn 






itwhiycu want. The only re 






died atpdatiy ttisw^ isto B 


uppwt 


placanet B|irtaif 


oropcrrtornew 




The-e'Bdsoap[aD 


anat opa-aar (Wetaha IS c 


nlycal 








(EothSthe manuy isaitcmaicdly desned up ■ 


during 


etcEptionl. TheplE 


ESTHnt operdor dd«UiaB7 




cojTfspondstothe 


.plaKitiatoptratornwiittia 





imaiy dfiaattocreaeajtomaicotieds 

settle g9ia"ai prolan mi ng prcbl an you 
nd deslrcy ot^eds d: ar/ time dun ng a 



Eaeotiatsonthehe£pase£al 
diticn, yougaag"eaded cff 
cr of new and ddeteif the; dc 



CreaeadassCountedhaontansEnlntldaid a 
staatimrounlThedrfajltconaruacrSxiuld begirt 
C<Hjnt«l(]:ld(aiunt4-f)l!^iould also print RBldavl 
tha It's be nga"fa:ed. The dearudiordsayld print tha 
It's ber*g deBlrcyed awi its Id Ted your dasa 
PriwetoyourBdf tha new aid ddcte^w^s cdl the 

dass Countedf rem ExfroBeDwithnewaid 
dfdrc^irkg It with delete Also credeend destr*?/ an 
arr^ cfttieBeobjejlsonthetHep. 
CreaeaPStaEhot^ect and fill ltwithnewob|ectsfrom 
EKa-OBeLObsavewhah^paiBwhaitHsPSta* 

Creaeaveclor<Countad>xndfHI itwlt^pdntasto 
iMwCauntedobiects(fromB{a-asell. Mivethrough 
thevednrand pnrttheCountedob|ects thai maie 
throu^ agan and ddeteesdi one 
R^ed:B{aase4butaddainEmberftiid]onr()to 
Countedtha prntsamessaga Miwettrough theveilQr 
aidcdlfllfcrea*olie± 
R^eSBiadseSuanga PStash 
R^ed:B{a-cise5ii3ngStad[4,hfrom Chapter 9 
Dynanlcdiy ueSean arra; of oti|fO:s of dass Counted 
(from Ene-asaU Call ddfteforthe resulting ponta, 
mtfatt^sfiaretraii^. Enplan the results 



Bipli 


anthereajlta 
JteHamHandler/wonyajr 


ma±met0Effitt 




tingixunt CelculSetheemo 




B/al 


eblefcrynirproyan. 










del el 


te bcth the s ngl eotiect ve-9 1 












se a test far Franl&qiplo *c 


wycursdf 








del el 


terun than the Retail new en( 


JddetB 






antansaiara; 




BthSitatudlyEllotaesme 


mcryinaadof 




vingbadelloclnnialnOsa 


lupawhllBloop 






icutofmanorye 




'hdhGppmsifyojr opadnr newdoes not te9 


Bffiif 


themanojyisai<iss6fully a 






c to your op vdor nemiaid t|- 


ir^bad.rtloc 






w with a second 


a-gji 


nat cf type siring The d ess 










d Theplfcanml: new ^culd 


slIocareacrsgeE 



want to usethe pr^rocessor's_FILE_£nd _LIME_ 

Modify ArrafOpa-imNew.qiib/addingasMic 
Heil«<IVId9d<:thaaddseaDhWldgd3ldrEssthais 
ellocaed inopvdornewatdraniuesitwhEnit is 
rdeaBadviaop«r*>rdtl«te(Vouma;needtolockup 



procrafn wlthasngleglotd instaKecf 
ManoijCheAaEfidinmalntliir'nanKsllydlocSe 
and deSrcy se/erd cbjettsEfid erra^Bcf Widget Sh™ 
thaiMonoiyChedrare/eElsmemojy leeks. 



I4g I nherStance & 
Composition 






Jisch^a-ycu'llseetwoma^Btoacampli^thisThefirapB 
qutearaghtfcfwa"d;You9mply <red:ec4i(etsofy(Xjre!r5nng 

:f aES j s cxvi^osed of obf els of ai j ^ng d GESES. 

rheffcond^pproatiissuhda". Vou (Teas anew dses EG a(i^i/ 

Ene(ishngd£BS.Vou[itH-dlyl£kethefonnofthea<L5tingda55 
aid add code toll, withcut modifying the araingdasa Thf5 
TiagcEi attiscdleti in/)mt3ice andmoBtof Iheworklsdonetythe 
axnplla". Infiaitaiceiscnecfthecornastonesof ob^el-onated 



Composition syntax 

Actually, ycuVebeGnusngcompoatianEil Elongtoo'eS 
VouVejusl bGaicanpoangdEEts prima"! fy with bult-lr 

cccnpoaticnwlth usa-dd^ined typts 



n cfajEd: cf typeX eg apubllcobjel i n 
1G I rtafa:E Eira ^rif orw ard: 



: s ETiarecommcn to m^ethernibedded otfEcEs privde so 
lecon epartof theixHJalying mplanmt^cntwhictimEan 
GnchaigetlieimplEinat^anifvouwErtl The public nte 



ra-mtform. 

Whaiyou inhffit ycu ares^inq TNsnav dasBislikethiold 
daE^ Vou&tdethiBincxxleb/gvingthenaneQf thedassaB 
usu^ tutbd^cretheopaiingbrEcecfthed^Gsbady.youputa 
cdcnaidthenanecfthe^s^ry^ff(orb£Ee4:/as5£f.s^a^ed ty 
cccnmEsfcrmuHipleinhmtaic^ Whmyoudoth^you 
aitcm^csilvgS^lthed^BmEfTibErBandmanbs'fijrKtJcnBin 
thebGEedaES Hs'esaieianple 



VajiEnKeYbengiriho-|tedfromX.whiitimemsthSYwill 
ccrtan ^1 thedaa danats m X a\d ^1 the manba- fundi ens i n 
X. InfatYcontansasubotiectofXiuaasifynuhada-eaala 
manba-cbistcfXinHdeYinasdnfinhaitingfrcmX. Both 
man be" cbj els aid base dass storage a^erd^ered to a&subotiets. 

All thepi|vaedaneitBii(Xa-e Sill prtvaeinYithSis just 

mahaiiin.TheprfvatedanaTtsof Xa"e still there the/ td:e up 



Yai'll ncUcethathebasedeG5isprs:eded bj public Durng 
inhaitaice&eiythingda'ajltstoprl¥*8lfthe base d ess w a 
nctprHEdedbypublkitwouldmeaithadlofthepuhlic 

ThiBis£lmoans/awhayouw£rti;thedEsredrESjltistoke 
aithepubliemanbaBofthebaBedasspubllanthedaivedc 
Vou dottis by uang thepublicke^wcrd during inhaitaica 


lnctiai9B(|thebaEe<ii 


Es ptnniitBOf unction is cd led. The 


The wHlfundicnin the daived dasB(-a*5nsthe8*()fuictii 

thebaedaa Thais if yojcdlthefundionsraadO^d 
penruMlFo- ai ob|aa of typeY, ycull gathebase-dassvas 
afthoffifund:(i!rs(ycucai£Eettiish£ppaiinaderralr(J. But 

you call sett jforaY obi aa.yojga the redrfinedvag on. This 
meerstha if you dont 1 ikethevason cf afurxtion you ga 


^pTaX^fu,;^^ 


^BlikeihmgflO) 


H™a<a.wha,ycuTei 

cell the base-dassvaac 
you'll gathelocalvas. 


-eda'mingafuncbcn.youm^aillwa 
n If. insdes*! you amply call Ert(] 



fer. dl oftheBubcbiectsha/edrfaill 






ttieampilfr automaicdly cdfs Bui 


whahEppaisify 




Hibobjectsdcnt haieddait condniitcrs or if you we 


rttodHige 


adrfajit sgumat in a ccnstnKlcr? 


Thisisaprcblanl 




navdassranstmctardoEaithajepamissantoaxes 


itheprivatB 


dSa dHnatsof theaibotject so it . 


[Efitirttdizethem directly. 


TheH^iAcisampfaC^ltheccnsI 


Tud:arfcrthesjbch|e(t. C++ 


pro/ides a ^EQ^ ^nta<forth"s thi 




wAMThe 






Wilh ir^iaitaica you put the based 


aGeGrfteraoolon 


and brfore 


the opeii ng bras of the d ass body. 




nitidiza- 


li9.youpiitthe(dl5to9jbob|Eacoi 






argunHtliamdacolon, butbdori 




, of the 


fundjon body. Fcr adssMyTypa i 


"halted from Bar. 


this might 



ifBarlicsaconaructorttiStckesaangleiirta-gummt 

Member object Initialization 

Ittums outthiycu usetfiievery sane ^ntai fcr manba" 
thenanes of thectretts Lnsteeb of the dassnanea If ycu f 



nhented frcm Bflren 



Built-in types In the Initializer list 

ccfiEtiucIcrsfor mariia- chferts I n f Ed Hia-e'Bno otha- WE 
those conarudus The IdeaisHii the randrjctoTBa-eEtl c 
bdcreycu gd into Ihe body cfthene* das's conductor, 
wa^. ar/ c^lsyou m^eto mm^bs'fixKiions d aibobjeds 
Eiw^sgatolniti^lzEdotiedsTh?e'srK}wa^ta^tothE 
cpsi ng brEce cf the cnndnjdior without scnteccn^iutlar t 
cdledfcr^l themanba'cfafelsaHibEGe-dassobjed^ s/a 
ompila-mustm^eahiddmoElltoaddaJtcondJudiT.'l 
f urtha- Hf crranat of theC-H- guErateethS m ubied: lor 
an cfaject) CEn gd: out crfthestaSng g^e without itsamarL 



prog^nmingadEGwdL OnceycuhJttheopaTingbi 
asajme^l siintfedsa'eprcpaiy IritE^rzedandfoa 
tadcsvouwEnttoaGEmpli^lntheccnstnictor. Htw 
Ember objeds cf built-in typs wl 



Tomdiethe^rtai oneaait. you 
types as If th^ ha'e a an^eoi^r 
ErgunentavaiEdeof thesanety 



TheEdiancfthese'pseudo-mnslnjctarcdIs'rstopfffcfm s 
smpleasa^imat. lt'sacanL'9iiEnttechniqjeEnda9:»da>ding 



Combining composition & Inheritance 



jitaicewilhamHTiberabiectycxicai only manlpiiae the 
illcintafasoftheobjectnDtreddineit. InaJdltiarxcdllnglO 
aiot!(eaofdasCwould™tcdlaf()ifC:*()hadnntbsi 
nai.who-eaBitmjj/rfidlB:«) 



It'sworth anphaizing tha ccnsliuilcrs and desJiuctcrs are 
unusual mthdie/ay onelntheNaaitT/ 15 CEiled, whereas 
ncfmai manba'furKDcnonlythdfixKbcnisc^fEd, butnol 
theb£ee-d assvaaona If you eI so want to cd I the ba^d as 
va9anof ancfmd manba"fixKtianthayauV"eo/3riding 
muEtdoiteiplidtly. 

Order of constructor & destructor calls 

whmaiotqecthaBmany BubctiedsThefd laving eiample 
a<aljy how itwcrks 



fdrnncbjEctisc'eaedtoEatdGil theoutputtoaf 
a/esometypingaiddanon5trd:eamajotediniqu 
ilECEdb^ amudijinpra/edteliniquelnCh£pte"16 

an andccmposbcTLEEdioFtheoinslnxtGrsGnd 
" fpoftthaiisd est thetraHfUaNatethaihe 



Theculput cf tti p oy£fn 



Name hiding 



Embe"funclicnstha"eGretwopossbilitieaTheflr5t isthayou 
:h/ldetheeiact a^^ureaid rdumtypeinthedsivEd dass 
Fi niti en as I n the base d ass ddiritian. Tti s I s CEJ I Gd rs^/^rt^for 



InBaiBycuffiea 




onKlaidDolvedldoe?! 


m*e£fiy diangestofObul It does 


eddineglll 


malndyou 






soffdae* 




DcrivGdlHove/?. Derhedied* 






f[)but™tthea 


a-. aidtherESjit 


th* the Ban 


rKlii/erloaded 




elnDBived3cti 


nqjnqthers 


rn type hides 




s V 33 ens am D cftval«K>~ s 












cens^thiaarvt 




waloadedf 










aicdlyhidd 








Edition cf the 




aTelsfunaion n/frloadi ng a bit 


mere 


Ifyoudiangeth 


ntfffas ii( the basedass ty moc 


fymgthe 




raurntypeofam 


mba-funaiw 






usngthedassina 


diffa-atwa, 


than inheritEf 


isnorm^ly intavledtosi^ipart Itt 


Dealt necema 


rilymemyou 



ddngitwrcn^lt'sjudth^theultimde^^^ cf InhmtEnceisto 
aippottpdymapftsm. avi If you dtaigettefunclien s^idirecr 
rdixntypethaiyou EreactuEJIy diengngthelntafaeaf thebase 
dasslfttislswh^youha'eiilEndedtodothsiycuaeusng 
inhentsrcepnmaily toraisoxj^ a>dnottomantanthe 
commcnintafaeof thebEEedassfmhidiisaiessaitisi aspedof 
polymorphian). Ingakffd.whaiycuuffiinhHltaicethisw^it 
meers ycu 'retdiing a gaiasf -purpose d ses aid speo ai [zi ng It for 



3le cmBda-theStadtciffisfrom ChEpta-a Onecfthe 

withthadEssiBthayouhadtopaformacEEtejEiy 

'3unsrfe-y(Xja]uld<3Gtlhepointe"toa^hingyou 



3- unOcTS nSlad(4.ha-einlineanahrng 

sStBCk o hapuShdwIlaiEptcnly 
eStadcwoilda:^ voidportas sothe 
ad no type died: ng omdieij elhep oper pcintaswere 
ri. In addition, p«k()and[wp()ncwraumStl1ngpointH-B 



'^rt becajEetha would Sill dlojvycutopEGsa^ kind of point? 
topuM]a!avold« Fcrtunady, C++ hides the pu*(voidq 

id Otsdcrs it only ell ™su5 to pushi )slTlng 



ortno-diipprcblan. Ha-e ifyniipushOastrlngpoin 
StringStadc thai (aDard ingtotheEemalicsnfthe StlngStaiK 

youpopOlheponte", younotorty gathepi 
wnadiipofthiponta. Ary pomtffsth 



2these£fealw^s*1n()pnintaBandth 
deletKtaanatiswGrkingcnAtngpanta-sinsteEdoI'vol' 

Tha-e i E a drav betta ttii s d 355 ™ ctks tn/yf or sW ng pci ntas 
wat aStadtthSworkswith sme rtha kind of c^ad:, yoj i 
write a new vason cf thed^ES so tha it weeks crJy with ya 
kindof cfcject Thisr^idly bEaxnestadiGU^ aid isfin^ly so 
usngtanpfSEE asycuwill sein Ch^ta" 16 

Wecaimdceai additional obEavaionEbaitttiBBiaiiple I 
dia^esthe intaf ace of the Stadi in the pr< 

youwillnei/abesbletoccfrBlly us . ^ 

ThiBmskesTheuseof irhaitaiceqiieaiansdeh 
creSirgaStrln^UdflhS/jstypeof Stadc tha 
irihaiting?A more apprnpnSevag en of String 



Functions that don't automatically 
Inharit 



thea&pQlsoftheotiectonlyfoi 
edq)eidtyforesch derived da 






I n lieu cf irhaitance thesefixKbcns ares/ntheazed by the 
ccmpile' fyoudantcreaethanyoffseJf (With conSiudcr^ you 
CEnXiredea)} construdicrsin crda"fcrtheaxnpila"to H^rilheaze 
the dd^t condrjdET aid the ccpf-car^tuttor. )ThiswaBbn^[y 
desnbedinChepts'GThes^rriheszedccnslnjdLreuEe 
manbaw seiritdzSicnaidthe^rthesizedoptratolwJEes 
manbaw seaH^mHTLHaEsaiQiempleof thefundionstha 
a'e^rlheszed b^ thecomp I? 



Ts avi the iipadiiri4^Gr G an eBoardstd G ane 
mncHxicethan^vES Eoycx] cai SGewhmth^'re UBal ty the 
ccmpila- Inaddit m thea|)crrtvOth0())af<irmsaitGinaic 
tvpe anjpraonf om aGoneotfeltoEncbjelcfthenE&teddE 
OUMTThedaBBChessampli nhtrtsf en Gaieand ireaesni 

tat-esaiOtherobieatntesttheaitom* tipeon/aaon 



InmaInO the^nthes edddailt jn3 uctor aid ccpy- 

£il h aa"diy Eventhau^ t looks I ke nhaitaice ne^ 
on5tmd:crsa"ealu£/ly H^nlheazedb/ttK (xnpila".Asyou 
thErgixnEntsEreaftom^cdly 



heop«rttanB£lsos,nthea ed£sana^ 
HJT b^rtu S4e£G9^¥i ent (Ihui thebaee-d 
£eaiBethSfmd:onwa5nota.platlyw 



easing ct^ els of the SET 



iff cbjel copy-ccnslnxtar aid ass^r 
jly waittodolhisbasusecihginise 
udcr, thedd^ajlt mHTiber cbiectcona 
d. aidinthec£Eecfthe£G3^¥nfnt Gf] 



EecftheddaJtcmEtJudcr.lhedd^ajl 
jtcm^c^ily (died, End lh^'styplcEilywha:ycxj wait. But atd 
us IB En impcxtat point, assxn asyou deddetowriteyour cwn 
tpy-ccnstructGTEndasa^imEnt cpadxr.thecxxiipilaassifnES 
iS you kn™ whSycu'reddng aid atemTaitcmaicdly cdl 
lebEEe-daEsvason^aBltdoeslnthe^rthEszodfixKiions If 
luwEftithebaBedEGSvascnscEJlEdfEndycutypic^ly dojthai 
XI muiaplidtly c^l thanyour^f. InttieChatkdSJip/- 
nstnjdicr.thisc^l EppsEcslnthecxxi^udorlnitiEilzaiisb 



Th^ inhffit Intothedffived dse 



laigethe 3 ^dure cf afunttn 



Choosing composition vs. Inheritance 



n IS ^nffd ly used when ycu wat the f enures of ai 
aiot^etto implanatfeaurescf your new d£ES bi. 



typicd pah of Embedding pfiurteobjectBcfasi sting d£ 



Occason^ly,hcwaa-.itm*ffisiBeto^l™thedassusff 
dhrecdy aceffilhecompostionaf yournedV d^GS thai^tor 
the membffofajeds public The man bH"cb|ed:5 use access (X 

yauteassEfnUingatunchcf parts it m^eEtheintafaceea 



se the ccmpoati en of a C a I s pat cf the GnaJy 3 s cf the 

sn (and not amply pat cflheundalylngdeagn), mdring 
mib?s publ IcaES ststhe disitpro^anmfr's unda^aidl ng 



ndthe^drd^cn^pis 



Subtyping 

NOH aiftposey 
ariy opens af li 



satypeof Hdraamotjeltha nc 



infixKlicnc^ls notdurir^m9nba"sde(tcn.3othisGpproa 
A sBnnd£ppro£diisto£ddtheddiniHcniif dosaOtoFWin 



This wl II wcfk if that £re only af&vfuncBcnsyou wait to bring 
throu^frcmthelfElreaidaES InthatEseycu'reonly usngpa 
ofthedES Endcampostionis^prcprSa 



^^^^l^^ 




^* 


gtyp 


(pl Efiy 


th eiSngtyp 7 
thaaiHyp gsd 
pafecdy 




..p 


*- 


"-'■ ■ 



beeiplcredatheendcfttisdi^a-Endmthenartone 

private Inheritance 

Ycucaiinhg'itab^EedaBB privacy t^lEa/mgoffthepubllcin 
thebGEe-daEslia, crby eipliQtJy s^ingpr1vdtH[prob£bly abdt? 
pdity becajseltJsdeErtotheuserlhdiyoumeenit), Whaiyou 
inhfntpnvddy you re"implanaSingjnts"ms of; "thai^ you're 
iTGdinganarvdassthdhas^lcf the ddaandfuncU entity cf the 
basedaB^butthafuncbcn^ity isNddsLsoit'BcnJy p^toTthe 
und?lyingimpl9nEntaion ThedassusGrhasno acce&sto the 
undsiyingfuTKticndFtv £nda*afcied:oinctbetreaed£ea 
instaiceof thebEBe da55 (as it was i n ffl an«Zq>|J. 

Vcu ma/ wcnda-wha the purpose cf prtvatonhsfitaicei s 
becajEetheeltanaiveof usngampoationtoo-eaeaprivalB 
ctjectinthensbf daBsseGfn5more^>prcpna:eprlvdteinh9"it3ice 

isindudedinthelaigu^efora)mp[dHiesa tut if f or no oiha" 
reeeonthaitoreduoconfuaon you'll UEUEJIy wanttouse 
H>mpoationrafie-tfianprlvi*onhaitaice H iwe/a". thsfe ma/ 

cfaject aBif itwa'eabaEe-dGGSobfel. prtvdeinh?itaicepr<xfideB 



Publicizing privately Inherited members 

Whmyouirng'itpnvad^ ail thepubllcmemberscf thebaEe 
daB5be3)meprlwi(»lf you Wat ay cf than to bevlable justs 
tha r nansE (no agiiniaitB or rdum v£luEs)inthepubllcseliGr 
thedaweddaBB 



^cu ^CHjldIhirri< earful lybd^ore US ngprlvdcinh 

~hai ombj red w I th runB metype I d mb f I c* en (tt 

adi£ptH-inVdume2o(thisbock, downl(ed£lilefr 



uced to I nhffitaKa the k^"dV ord 
aprtuftebutinrEEl projectsthe-e 



The best Epproah iBtolea/ethedaamanba^ private- you 

diaiddmajr5preseveyourrjghttodia*gptheunda"lvinq 
implanmt^cn. Voucanth9i^l(hv conlr'^ledaEessto inherit h 
cf your d assthrcxjgh pratfldfldman b? f uncb ens 



protected Inheritance 

W hai you 're I nherit n^ the ba&e d £GS ddaits to pitvde w hi 
meersth*£ll cf the piiilicmanba- functions are prtvaetotl 



Operator overloading & Inheritance 

En q> cf heafiagnmatopera: ir cfffao sa^eajtomdicdly 
nher ed n oad9"vald£ES.ThscEnbedHTic(iaraedty 
nher ting from C]2flyteih 



Thetea:codeisideiticdtnthainC12Sytfl"ed.ci)|B<«ptthS 
Byte2isusilinstE£dcfByteTlisvia/£lltheopa-a:Grs£re 

valfiedtowcrkwithBytBI^iamhait^ce 

WhaiyoueianinethiedassBytaayajll^thStheconaruaor 
muEt t>Be<plidtly d^inEd, andthScnlytheopcrdorWtidaEagns 
aByte2to a BytaZis ^nthtazed; ay otha- EEggmat cper a:crs 

Multiple Inheritance 

Ycu cai irtio-itfrom oned^s soit would SKin to mdcesaiBeto 
inhentlran marethan credassa atime jndeedyou (3\ tut 
whaha* It mEkessaise eg pal cf adEsgn isasubfet of conlinurng 
detd:e0nettiinglsgaia£i]y^"eelupon;youdiculdnttrythf5 
until ytKjVebeaiprogranmIng quite a whileaidunde"aaid the 
laigjEgethcfcu^y. By Ihd: time you'll probably resiizethd: no 
mdterhcw muttiycuthinkyouEbHJutdymua use multiple 



I nitidly. multiple I nhaitEnce sans ample aHXjgh; 
dasffisinthebaBe-da5sliSdixinginhattanc& Ee 
ccmmEG HDive/a. miiliplelnhEntaiceintroduc 
po59bilitiesforEmbigiJty.whidit5whva<h^E 



Incremental development 

One cf theadH/ait^es cf i nha 

















dunbuggfd. If abughsppa 




you kn™ its in you 












Edmodfredt 


liebody deii Sing cod 






Ifsraha- anting h 


cw dsEnty the d ESSES are s^aSed. 


you 


don' 




lODdeforlhe 


manba-fundionsinoi 










! dcsdi bi ng the d as £ni 






chjettfileorlibravl 




anpiled manba-funOi 






istmefofbothinha- 


itaiceaidco 


inpcation.l 






ItsimportEfttored 


izethS[H-ogrande/elcpmatrBai 








just like hun 








whrn^^oT^"^^ 


, butyousBll 










aprcject Ya 


j1I ha/emudimoresji 










^you3£ftciJtto"g-cw 


"ya 




prii|el£B£fiorgairc 










conOtuctingitdlS. 


oncefikea^ 


ass-bi* *y5(r£pH-'. 






A though inho-itaicefor etpaim 


atSi en 1 B a usd'ul tedrtqu 


as 


sanepararfta-ttiir 


igsEt^lizey 






yourd£mhia£fdiy 


withai^et 




igbli 





Efnbathd undfrne^ it dl. inhEnt£iv:ei5meEntto 
ard^cn^pthds^s "TNsnaMdassisa^t^r/ttddd 
'<HT prog^n ^ould not be ontanEd with puling bits 
but inSsad with tredrngavi maiipul^ng objedsof 



IfstrearobjEa. InFNoaeZqipai/KstTeanimanba-functim 



aid ada-ived d£BS (died Wind BecajEeinhaitaicemeaisthaEll 
IhefixKiionsinthebaEedGGsae^soa/alEdeinthedfrivEdd^ts 
a^ mE&SEgeyou can send to thebsee d ass cai £i 50 be sat to the 
daiveddEEs SoifthelnjtnjmmtdEEhEsapl^OmaTilio- 
funilJimsowillWlndinstrumaitaThismeanByi'eoiaaijrady 
sa^thSaWindcbjeilisdsoalypeaf InrtnimmlThefolliwdng 
scanpl e ^kvivs hojv the ccmpil a supports thi s noti on: 



WhM'sintasanginttii5ei£mpleisthetuiie(lfunaion,whi(h 
PO^AsailntilnMmaHrdsav&Hotite/s, inmdn[}ttieturKl) 
funcUonisc^led by hauling It ard'a-aice to aWindobiel.Givm 
thSC-M-JsvEfy patiojladxxjttypecheddng it SGanssJraige 
thaafundiantha Eccqjtsanetypewlll readity aiept aidha" 
lypeunHlyouredizetti^aWindofaiectisdEoailnslrunicnt 
ch|ea.andtha-e'snofmdJm»id:taiB()coulil cell form 
■ ■ -tdsoinWIndlttiisiBwhainhH-itaice 

uneOtheoDdewn " 

(nlrutnimentand 



Why 'upcasting?' 






athetopofthepage g"owingdowrTuva"d. (Of course you csr 
drafljyojrdlagransaiyw^ you find hdpfuDTheiniWitan 
di ajan fcr IriElnjnicnLcppsthm: 



C asBng from daiv ed ■ 




baajseyou 're going from amcre^eafict^ 
type-thecfiJytfBngthicai occur to thedi 






Upcasting and the copy- const met or 

If you dlow thecanpi Ih" to ^ntheaze a copy-consJnjc 
dmvEd d^BS, itwill ajtcm^cslLy csIL theb^-daBBcq 
ccriBlJuctor. aid Ihai the ccpy-constructcrs for dl Then 
cfajed: (orpafcfmabitccpy onbult ntypEs) Hjyoull 



The operdor«for CN Id is i rte'ssb ng beajse cfthew^lh^ 
c£llstheopB'di]r«forthePaBitpErt within It b/caEtingthe 
CNIdot^eXtoaPBrcrUIifycucadtoabase-dssa^sTinsts 



laiEsthdChildhsnoe 



eI 1 1 ng the Partntix>py-co 



autry town teyour cwn copy -conaructor for child 



e/i object aBpart of copy- 
r^>a r the proW an you 



The araige pat i s wh?elhe Paoitccpy-ccnslnjctcr Is ceI I Gd: 
PawiHd W hd dKS It mE3i to p£ES a C hlldobjel to 3 Paoit 
ccnEtaictn? But Chlldis inheited frcm Pwent so aCNId 

rrffraice « a Pa«ltrrfa-aice The based Emcopy-conEtnjctnrtdf 
upiaBtsardH-aKetoCWIdtnarrferaKetoParaitaiduBesitlo 
paformthecopy-conBtruttion, Whas you wnteycur own copy 



upcaBtfrofTi your n^daBaEaliffinthisdiEpte", the Sta 
was ^e:J^Ezedu3nglT^ig'ttaKe Howe/a*, diaKesa'ett 
StringSUikafajectswIlbeusediiilyaBSilngoatanasE 



Dedded i n StingStadi ai 
□aided obfel. Thffe's sb II 
subobjecttEkesupthesa- 



jnfugna ycu could ^so use priv* 
Thiswould^so 



Pointer & reference upcasting 

I n IndrunoiLqipthe upcGGbng ncojrB dun ngthefuncb c 
Wirdobjatoutgdethefund:ionh£Bitsrrferaicet£keiier 
becomesmlnstnmBilra'eraKsinsdethefunctJon. Upc 



nothing dsa Tha i^ It c£ 
pdrttnaWlndchjea. a 
fundion ty s^ ng 



thecnplH- aikncwonlythafscsllingpl^Ofcr. 
Instraiwritpo ntET anilc£llthebased£ssua-sonii( 
Instnjmcntqtl^Onsteed of wha it *ould da wtsd 
Wlndq)l^[)Thu iajwontgatheoarettlidwioi 



polymorph ai 

Summary 



]lhinhenl£nceaida]nipoatian£^lavyoutoa"ed:ean&v type 
Dm sij^ngtypfs and bdhant>edsubQbjectsof the eliding 
peslnsdelhenav type Typioily. homae", you use 
mpoati en to raiffi ailing types £G pat cf the undaiying 
iplanmtdi en of the new ty pe End I nhaitaice mhai you m ait I 
rcette novtypetobethe ganetype asthe beee d aES ttype 
^vdence^a^teeslntafaeEquiv^aKs). Sncethedaived 
sshasthebE^KlaBBlitafa^ It caibeL[aa^lottteb£Ee whid 
<riti<d forpolymiBphiHTi asyoull seem Cheptef 15 



Allhout^ code reuse through compos ti on GfxJ inh3"it£nceisva> 
hdpfulfcrrEpldprqedda^apmHit, you'll genadly waitto 
redea^yourdaBshaETctTy bd^cre£*lcwingc(ha"proy£fnma^ 
tobeccmedEpendent cnlt. Vcu"gDd lsahiera"<t^lnmhi<heat 
dasshasa^caflcuseEndlsnathErtao tigtsEompE^ngso 
much fundi end ity tha if Bunmi^dy to rajffi) ncf enntyhn^y 
Emdl (you cant UBeit by itBdfcr without aidingfundionelitY). 



Vetllds plaing Eppcipriaemfmber fundions in 

Vflhlde(thais makeup sanemEmba-fundionsl.Adi 

anondrfaJt conarudortoVsHdawhidiyou muS ce 

i na de C v^ ccnslrudGr. 

CreaetwodE^es A endB,withdd^ajlt ccndructcrs 

thdTiKUKSthanEdveslnha-itanavdeGscdledC 

framA.aido-eieamanbcf ctieO: cf Bin C, but done 

Creaeathrfe-I&d hia-Efdiy d deBseswithdrfailt 
conBtructcfs dcngwithdeslnjctcfs bcthofwhidi 
annouKethariBduesto cout Vtrify tha: for an objeO: c 
themoBtdaived type dlttreeconBtructcrs end 
de6tnictcfsa"eeiJtomdieeily ceiled. Biplantheorder i 
wN dt the cd I s a"e m ade 
ModrfyCoHiblnedj^o add mother leud of 



)dify HorcHldlng.ipibt' adding three •val ceded 



tadaBBSIilngVedDifromveiliir<Holcl*3md 
ne the pudi_badi( )atd spBdotDmember 
cnstoaaxptari producealrlng'Wha happens 
ytopuih_badc()avoliH' 



Creaead£BS(ElledAst(roldUseinhaitanceto 
Bpe3elizethePStastid£&inCh£pterl3(PSta*Jif. 
PStadiJ^ sDthSit accepts md raumsAsterold 

pointers AlsomadifyPStasllTasttpito test your 



CreSetwo d asss celled Trwelerend Pagarwilhou 

ar gjmat d type siring w hi di th^ amply aify to 
internal fltrfngi'ariable Fcr eah dam write the ccn 
copy-ccnslnjctcf and asagnment cpaaor. Now inJi 
dassBudncsfl'rwric'rcciiTrardvard gveit a 
manbo- cbjett cf typePega; Write the (crrett drfa. 
ccnEtTudcr, aconarudiorthStdceEastrlngargjme 
ccqy-oiElnjctcf, andaiasagnment cpaaor. 



FHaneZqip try than cutontheflleobject 

Usepfiva«anil()n*ectedinhaitancetoa-Eaetwoneiv 

d GGasfrom ab^ d ggs Then aianpt to upcaBt ot^ets 

cfthedffiveddeEstotheheeedGGa Explain whd: 

happaiE 

I n PratRlal^pEdd a manba- f undii en I n D edvedtha 

C£l I s the pratoledBaEemember reacK I 

C hange PrnlsctedxppEo thd D «rtv«di s us ng protected 

inheritence See if you cer cdl vdueOfor aDerivsd 

■ ■- -■ laflyOmahod. 
' lalendO 
Sty porta- or 
icdlthelandO 

M odify |ii5lnMi<ntq>|lo add aprcpa<{ )ma:hod to 
Inslnjncntcdl pnpvcOinsdetuneC] 
M odify InstnnsntJppBotha pl^( Jprints a message 
to emit end Wlndredrfines pl^Oto print adiffa-at 
meBs^etocoutRuntheprogranend&planwfyycu 
probably wcddntwentttiisbdia/icf. New put the 
virtudke/word (whichyouwill leern about in Chapter 
15)infrontofthep|^()dedaaiorin|nstium(rtand 

In CopyConAuctor^pinhent anav dasBfrom Child 
and give it a Manbcrm. Write a propa conAuctor 
copytconrtructflropcrdorv atd spcrtf sk^ot 

ostreans atd test thedas I n maint 1 
Takethea<arnpleCiip)FCorHtnjctiir.ili[End modify it b/ 
addngyourortnoipy-conaructortoChlldinffovf 

cailhrgthe based aes copy-constnictcr atd seewha 



cfwMdiainniiHEtocDulthSth^VebEai celled. In 
ni4nIla-ed:e3veili]r<Rodi3(thaishGldHodicl^Ea:s 
b/VEiue)aidadd9yneRlKks Ruithepro^an and 
e<planthec)ulputyau^. Nctewhaha" the detrusors 

avectoriltodc&S 

Thi5eia"dse(rea:esthedeg^pate"nc£iled/7Q^y. Slat 
withabe6edassSl*i«tandgiveitthreefunctionaHl 
gtlmdhdNiwinhaitadaEsPnKyaidtwodaESEs 
ImplnoiMtaibidlnplaraiMtonlrom Subject 
Priwy^nuld contan apointa- tnaSl*J«t end e/l the 



ndnOcreSetwodiffa-EntPrmyobjelsthauselhe 

tha:youcai<^naniaily diangeimplanentajons 
Modify A rr^OptraiJiHBW.qJitrcin Ch^ta-13tn 

5h™th±ifyoumhaitfromWldgelthe£llotaninaill 
wakBcojrealy. BiplanwhyinhfritaicemFramlSLqip 
from ChEpta-lSwouldntTworkoiredily. 
Modify Frail s,cpplTom Chapttr 13ly inho-iUngfrom 
Franisaidfreamgnaivvergcnscf nswarfdelalefcr 



15: Polymorphism & 
Virtual Functions 






implanataii 


Dn.todec 


ouple»fei'from/t». PdymophiEm elli 










da'/ffisUep\ 




haoibe'gravn" not ally during the 


cngnd cre* 


mrfthepro)ed,hutdsDwha.ne~ 


fEaures^e 


Enc^ajlaiM 


icreSEsr 




g<h^anE 


aidbdia/icc 




jmtrol 5a)afd:eEtheintafa 




implanatai. 


Dn b/ m^mgtiiedeialsprlurteThi' 






qanizSa 






priKsdur^ prog^iTYni 


ng bakg^auid. But vi rtu^ 




withdecoifrii 




ns of 04»: 1 n C hGptET 14 y 1 






lomsthatTEamat cf ai object asits i 


[wntypeo-i 


basetypeThi 


s*ilnyi 




IdErivedfrom 




ibaEetypdtnbetreSedaBi 


ifthep-wa-e 



usngtiiEm aid is mudi pidci a" 
cai rftai find the arnrsinaCp 

with a C-H- com pi I a-. 



qijddy seetheu^ulnessof IHsbe:BJsewhmei/e'th^(rE^ea 

lltray.1JBSF5aially whath^try todo WithC-i-+, youha/ethe 

It'sdBoee^tofed likeyou'rea"ea:ingddatypeB-yojm£ke 
dG&&ffiaKiGbjEct£yousndmE&&£geBtothoseot]fei^ and 

But dcrt befooled. Ifyouaophffeycu'remiBangcutonthe 

criatGdpraganmlngVautEndotJHScfiJymitfi virtual functions 

ieI fixtctions sihaicetheconc^ of lypelnaesd cf just 



iKithout a doubt the most dffiajit oaic^f urtfie nav C-H- 
proyEnma'tofafian. HcwHi/er.lh^teElsothetuningpo 
lheixidaBtaidingcrfat^ect-onaitedprogaiimlng,lfyoudo 



lypaatdtypalsatheorecf otject-ofiEntedproyEfnmlngthEre 
isnoEHElogtattevlrtuElfixKiioninatradtionEl procedir^ 
laigja^ Asaprocedir^prog^nms'.ycuha/enord^astwlth 
whictitotfiirk^xxjtvlrtudfixKlicnsa5youdawithdmaste.r9y 
cthfrfedirelntheiEngu^eFEdureslnaprocsdurEl JEngu^e 



Upcasting 

lnCh^3l4yaus^hnv Encfafslcaibeu^EGitsawntypea 
EGEncfajslcf Itsbasetype In addition, itoibemT^piJ^Ed 
ltr(Xjgh£n£d*GssrflJieb£EetypaT^ng1headdreGS(rf ai 
ctjeKatha" apainla" or ar^ffaice) aid treaing It E 

cftfiebasetypeis 



AuncntmuEtenstinWindbEcaiseWindispublidyinhE 
in Instiumcnt Upcasting frcm WjndtolriElnjnicntma/ 



nishappaung^^ Wind object Is 
isssay. This I s a:x:^]t^e the ii 
nuEt eiist I n Wind bEcaise Wind 

.jiaitUpoBtingfrcm Windtoins , 

la interface biitne/erlessthaithefull interfact 



The problem 

Theprcblar with lndTumenKq)p:^n be seal 1^ runr 
prolan TheoutputislnMrumcntiapiqrThisiBdeal^ 
desred output, becajseyou happen to knew thd: the o 
alually a Windaid nct|ust ai InBtnmMntThecall * 
produce Windl^iV Forthamata. ay object of ada 
fromlnstramtntBhouldha/eitsva-aonofpl^OuBa 
ofthestuaion 

The bchaiior cf InstnimentZqips not Eurprig ng, gv< 

awaeof theccnc^cf iifhify 

Function call binding 

Connecting afundicn call to af unction body iscailed^ 
Whai bi nding 1 5 performed bd^cre theprogran 1 5 run { 
compllffandlinka). It's cdleds"//^™*^ You m^r 



Thes:luticiniscdlal/* 


ehndng. whidi meat 


5thebndii 




■type erf the cfcjeci. LS 


ebindingi 


c^l ed d^namc bndng a 


■ runbntebndng.^ViB 






daaminethetypeofth 


eobjertanitimeai 


Ic^ltheq 


manba-funcBott Inthe 




iguagathe 


9ill doEsit knew the atud chjeltypebutit 


insatscoc 




iTHt fundjon body. T 




mechaiHiivaiesfroml 


anguagetolEnguega 


butycuc 



virtual functions 



lycuuffithevlrtuslk^wordivhaidedaingthe 
hebeeedass Lae bnding occurs only with vlltud 
id cnlywhenycu'reugngeneddresscfthebaeedaE 
■virtudfunctjcnseda, athough th^ ma; dsD be 

nealierbaedaK 


nanba- function esvirtutlyou amply precedethe 
Dfthefunaicr with theke^word virtual Only the 


loj ere cnly required to dedare 


'afurKtionvlrtudin 
lamadithesgiaur 
angtheuirtud 









Th Bfileic daibcEltolTOlnjnientiqipB'c^forttiealilrHnncf 
thevlrtualk^word aidyathebeha/icr Bagnifiortlydifferat: 
Niw the output BWIn±q)l4 



Extensibility 

Wthpl^Oda' edasvlrtud tti b£sedaBsyoucmadd£e 

mat/ BivtvpesaByouwatwthoiitihaigngthetuneO 
f cbGn.1 wdl deg^iedOOPp aqrjn most or ail of ycur 
f a cr w II fdlomth del oftuneOaKt cmmuncaecmly 
wthth base-daGS ntfffa: EU h p og"am At3isftifehe::aiFe 
^oucanadd &vf cbcndtyb/ hartng ew daatypesfrom 



diai^ hmat )fund: or 







WIndbi 












intheinhsfitaKBhiera-di/isaito 




s there's dw a^ B sme drf 


you'll ni 




(Thawo 


uldbediBaaroja) 


The ar^ A[ lartanspnintasto 



InthecEil totunnC) upcasting ispaformed on eahdiffffait Type 
of objectyathedearedbdia/iordw^st^kesplaceThiscaibe 
dfsribed £e"saiding amfssEgetoen cfcjel aid Idtingtheob^el 

ivctTvaiButwhatodowithit."Tlie¥irtlMlfuncbi!niBthelaiBto 
use whai you 're trying to aidyze a prqel; Where dBuld the base 



intEffatEsaiduirtudfuncBcnsStheiriitidiieaionrfthe 
prog^m.ycxi'll oftaidisGWGr than Ids". s/aimu(hla:a".whGn 
yous^outloertsidcralhawlffimantantheproyEfn.ThisIs 
not ai aiGlyss or des^ srcr; It simply mEaisyou (fidnt or 
couldnTknav dl theirforniSimthefirSHme BecaJ5e^lfthetig^ 
da55madula"lzd[crhnC++, it isit ala^prcblHn whaithiB 
occurs becajse diaigesyou makein one pat cf a ^itan tffid not 
topropEgaetocthffpatscfthe^aanaBth^ doinC. 

How C++ Implements late binding 

H tj/i can lae bindi ng h^jpap Al I thewcr k goes en behind the 
HHiest^ the compiler whidiinadlsthenecessay ld:e-binding 



Thek^wordvirtudteJlsthecEfnpila"it^HXjidnotpaforr 
binding Insteed. It ^ciJdajtam^cdlyinEtdl dl themec^ 
necessaytopaformfdebindingThiBmeensthaifyouce 
pla/Ufaa Brmotiecl: Ifra^ ai attss la l/ie/aedaa 



To aaxxnpliditHs the typed CHnpila'ireaesaani 
(cdledtheVTABLEIfcreeihdassthScontansvirtu 
Theccmpija" plarstheaJdresffis of thevjrtuei funcEi 
pertiaia-daEsintheVTABLE Ineadidesswithvirt 
It eecr^ly pla::es a pcmta. ceiled the L'/crr?^ (ebtre.n 
VFTRl.whichpcirtstotheVTABLEforthaiitiect W 



ugnglaebmding 



ofthis-saDnguptI 
■R, insatingthecod 



The f d I <w I ng setti ens go i ntn tti s pre 

Storing type Information 

Vnu tai seethSthfreisno etpliat ty| 

tha thae muS besomesojt of typeir 
cfcjecta dhavjisethetypeaxjid not t 



Kions he9zecftheci]fell5ao:lJy whd 
zecf a angl^lnt With a sn^evlrtud funcUcn 
J theazeof thecfafszt istheazeof NDVirtudplus 
meazecfavoldpoinlH-. IttumBoutthSthecompila-pnEatsa 
snjepointa-ltheVFTRI into ttiestiiKtureif you ha/eoneo- nitre 
virtual functions Thaeis no aze diffaHicebdween On*!rtud 
aidTwoVirtualsThS'sbetaiffitheVFTRpcintstnatElileof 
funcbcr addresses Vou nsd only anet±lel>feaj5e^l theuirtud 

ThiBaanplerequiredSl^tcnedSamanba-.lftherehadbeen 
nodaamanberatheC-H- canpll swtxAd ha/e f creed the obf sets 

addrsssif ycuim^neindeilngiFtoanaTajr cfzsrcj-azsdobjsjla 
insated becaise of thevirtuslke^ord, thi Btdce 



Picturing virtual functions 

To undffBtand QO[Uy whd:'& goi ng on when you useavirt 
f uncb cu It 'shdpful to vigjdizethe activities gong on beh 
□jrtan Ha-e's a drawing o( the erra/ cf pcinta^AElin 




Theerr^ cf InstlumtrtpointerB hes no q>eofi c tj peir 

Ih^ eedi point to 31 cbjettcf type li " 

Stringed ai " 



en InElTiMiailotqect^ 



■^oucaiscetHsintheadjustatryintheBrass 

iitplaceEtheVPTR(dis:xva^edinSiZKq)|tinto 

iisorlycnaVFmfcrealiobieamhaiusnggmp 



OnceiheVPTRiBiniHdizedtoaiepropH-VTABLE.thectjettir 
dfecfkncwB"ivhiatypeitis.BiAttiiss6lf-kncwledgeiswortH 
unleBSIt IS UEed 2 thepoint avrrtu^ fundi on is cdled. 

Whmyoucdl avirtudfuncBcnttirough a bseed ass address (t> 

nezasaytopaformeErly tinding). scnieltiing^e^d happais 
initealcf pafofmi ng a typical fundi on cdlwhidi IS amply an 
SESsmbly-l av^iaqe CALLtoapsrtioila' address the cotnpi I ? 
odetopafcrmthefundicncal!. Ha'e'swhi 



c£lltoad|usH]foraBraEScb|e3l(x 
Instnjncntpointa- (An lnElnjniflnlr^?E 

result) 



- T^j^ y; 



the I nstnirr tntpoi nter.whidipontsto 
idiaa:. All Inrtruraentobjectsor cbjadB 

■ 3rVPTRinthesanepla!B(oftm 



ie cbjed:. TheVPTR pointsto the stGft ng address cf the 
E. All the VTABLEfunction addresses Efeladnutin the 
'd?. rega'dlesctfthe^}eaficlypeortheab|e(t pl^Ois 
ll*}rB5eccndandaflu*[^sttiifdThecompila-kni»s 
la'dless of the ^}eofl c cbfejl type the adjust! Jlundicn is j 
ti CXI VPrR+2 Thus instead (rfs^ng "Cdl thefuncticnd 
']uSt(eEcly bintlng Ih 



a:lion]. itgfns^fscxxleth^sa^sln^e!!, "Cdl thefuKticn 
VPrB+2"BecaiselhefddiingaftheVPrR£ndttffiddainirc 



dethefiiidionfan5lnMnait& I) 



Theergumentscf aC-M-fuKiionc^l.llkeaCfmdicncEil, ere 
pu*iEdonthe5tad!fromri^toldl(thisiirderiErequiredto 
sjpportC'Bvai^ea'gjmmt lists), so the ErgixnentLispu^ed 
cntheSaicfirsLAtthispciitinthefuKtion, theregster^lpect 
cfthelntd X86piDC6ffl3-aThite0ure)ccntans the address cfj. 
TKsisefEopLi^ed en the ^akbecajse It isthe stating eddress of 
theot^ect of intffed,Ranefnberlhd: the dating address 
cnre^ondstothevduecfthlsaidthlsisqjidtypvjdiedmlhe 
staiiesenagument brfcre&ay manbafundionceil, HJthe 
mgnt>a"fun(tcnkn(wswhidipatojlGratiectit isworkingan. 



ila-theVPTRisinsErtedathebegnningcfthenb|ed:, s: 
Its of thlsisre^cnd totheVPTR. Thel ine 



VTABLE, butthefunani!npointa-to(dligitalocaionza-ocfthe 
VTABLE, butinstesdalocajcmtivolbetajseitsthethirdfuncticn 
inlhelia). FortNsmanory modd e£dif(XKbcnpcinta"f5lwo 
b/teslan^50theccfnpila"£dd5fcu"tolheVFTRtocdaiae 
mhaEtheaJdrGfficftheprcpa"fixid:ianiaNatethd:ttiisisa 
ccnstTitudue EEt^i^ieddoimpiletims Eathectilyttingthd 

cnefcraflusH)Fcrtijnady.tfiecompi[a-t£kesc£feof£llthe 

dltheVTABLEBcfapatiojIerdaBsliera-clf/otairinthesEme 

orda", regades5aftheorda"thayoum^ (waridethan In 



Findly, thesta± porta- ismo/ed bak up todsi cff thi 
a-gjmHtBthaiva-epu^ied brfcre thecal. In CmdC-H 
assnbly oideyajll cftai sffithec^la" dsi cff thea-g. 



I nstalllng the vpolnter 





■propa-VTABLf 
jvirtuEl fimdior 
HirsatheplaE 


ibrfore 


theVPTRispropa-ly 


ThiBiswhH-eo-eaicrofthedrfajltconarudorisEssti^.lnthe 

tha does nothing eicept mitidizetheVPTR. Ttisconaruaor, cf 

C£n do Efiyth ng with ihan.soyau knew tha it's dwa^sBrfeto cell 
«irtu£(funaions 


Theimp[ic*ci 


"edlSu'^.na,'^^' 


^a^rfmeVPTRinsde 


Objects are 

theannpilfrh 
C++lwill™ti. 
axnpila-doE3 

c^l In avirtud 


different 

aBencbiett, itkr 


'Casting deE/sGdly with addresses If 
iartsthea<a!ttypeaidthH-rfore(in 

e bindi ng. For dTi oenc/'ssske 
fly binding whaithe^ aremakinga 
obiea betajsethe; kniw theaol 



lniil->qie*()aidpZvedi<l adck^s^ ?e usal 
theinfctm^cnisinaynplaeplandpIcmr^rFS 
of aPrtcrsDmdting dai«ai from PA sothevirtuE 
must beused. When cdling pK^iedcl Hhs's no a 
ccmplla'krKMStheeollypeaidth^it'saKibjed 
posably beai otiect daived from Pel- lt'se»3:^ E 
e9ly binding IsprobEdyy^. Htwa/s", if thecom 



Why virtual functions? 









philosophy of 




nctqjiteaBdfioi 




from the pr»i 
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wffe "&/aything'sg"ea:e<ceptfcrfind:ioncdlswhaiyau'll 
aw^sha'ealitdea[traovatiE£d.' many peoplewoidd sbci; a 
C r^athaim£kettK(hai^toC++. Inadditicftlnllnefundit 
woiid not beposaUe be:ajsevirtu^ fuivlionsmua ha'eai 
£d*Essto put into the VTA BLE. SothevlrtudfixKticnlsGn 
optiorL^'h^thelaigu^ed^ajltstononvirtu^, whictilsthefaBt' 
ccnfi^raion, araustrupdaedthahisguiddinewE&'Ifyou 
dent use it you dont p^ for it. " 

Thu^ thevlrtudke^word Is prtvi ded for ^i o aKy tuning. Wht 
dES ^ng your d asses homs/e", you ^Buldnt be worrying ate 
dfiaaKytirBnglf you'regcingtousepolymcfpHsn, usevirtL 



tuncbcnse/efywh^e Vouonly need to look for funcBcnsthditEr 
bemadencfwirtuai whaisGErdiingfcrw^Eto^eedupycur 
a)de(andtha"ea"euaj£ily muchbiggffganstobehadlndha" 
a"eaB-ag3Qdprofila"wlll do abater job of finding bcttlaiedis 
thanyouwill ty md:i ng guesses). 

Anecdote eL'idaice5uggedsthatheaze£nd^>eed Impacts cf 
goingtoC-i-+a"ewithlnlOpa"cent cftheezeariBpeedcf C, aid 

aidgjeeddfiaenty istiecajseyoLim^dffl^aC-i-i-progranin 

Abstract base classes and pure 
virtual functions 

Ofteninadeagn, youidVEntthebesedastopreBentoi/yai 
interf ace f Of Its derived dassea Thais you don t went enycreto 
eiluefly (repeal object of the besede^ordy toupees to It SI tha 
Its mtafacecai beused, TMs IS aanmplidied ly mdcingih* das 
^tfffat which happens If you gve ltd least anep(^ei'/rrt;a' 
^^fKO<j?. Vou can reogiizeapurevirtud fundi en because It uses 
thevlrtudk^wordandi&fdlomedby "0 If arsons tries to m^< 



Creaingapurevirtuai fundi on diObV&yo 
funcbcninan nterfaiE without bang fore 
meerrn^esstHxly cf codeforthamembei 



If you ha/e a concept likelnsbumBlthdworksaB, 
dGES Gb|EctBGfth^d£Es^moEt aiw^B ha/en >meE 
Instiumert s mfent to etprfss only the intafara an 
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H a-e's I nstnim ait4.q)|modi f i e 



It w £G I ntatded to be UEfd. 

bang passed into afundi en 6/ I'a'ue Thus it isdBoaw^to 
prs/ata^arfj/ij5/i^(whichwill bedesribed^ortJy). By making a 

usEdcbxing upcasting to th^ds&s 



bang ompleteddoesit mean Ihd: you don t want functi en h 

va9cnof afuncbcue/enif itlsvirtud. it'seiw^sagoad id< 



rfiaigea 
Pure virtual definitions 



lyfixKlion. 



ET not to ditw objectsof 

a:eab|ed:aH(hv&a". there 

En di^riic^ingth^ oxJein 



SinthePtfVTABLEiS' 



anply, tutlhaeh^pen: 



heclho-bairfittothisfeaureisthSit, 

)de (Thi B IS aw^ fnrynu to I ctaedas 



I nherltance and the VTABLE 



Dogaddsathirdvirtu^funcaonc^laldtflaBwdla! 
theiii€£ningcf spukOA dia^amwill hdpyouvisjd 



N ct cetha: the (cm pi Iff mtpsthel iK^cn of thetpe(k( )adt 
irtoeoailythesEme^otintheDogVTABLEEEitiEintheF 

ofsWJwouldbeplacedinitsVTABLEineiacdylhesEme^ 
itisinDOBThisisbecauffilaByousavwithlheEBsanbly- 
]£ngu£ge9iample}thecampil9'gfn?dfscxx]ethausEsa3 

RegEfdles5cfthe^eific5ut(ypethecb|ed:bdong5ta itsVl 



!nthflsca5eh»vs/a".lheccfnplla"iswarkinganty withapointa 
to a bE^Kl aBB obj ett The base d E&s hEG cnJy Ihe ^MdlC)^ 
nonet Ifuncfian^ so those Isthe only funclicnsthecxyTipils'wIII 
ailcwyoutoc^l. Hew cxMiditposatJy knov th^youa'ewarkii 
with aDogotiect. If It has only apointa' to absGe-dass object? 
Thdpointa" midpoint to some oiha" type mhictidoeaitha/e. 
dt( )funcli en. It ma^ or m^ not ha.re some oth? flection adcfr'e 
d: thd point IntheVTABLE. but inath? case meklngaulrtuelc 
tottiSVrABLEaddres5isnotmhayouw£rt:todo.Sothe 
ccmplla'isdcingltsjcbt^protediingyoufnxnmekjngvlrtuei 



tout the eiat types of ^1 cbjecta yoi ^Kxjld rahink it, 
fyou'reprcbedy nctuangvittudfundionspropaly. 
a", thffe a"esomeetyaJons inwNdithe desjgi works be 

ha/enodidc^ifyouknow thecal type cf si I ot^els 



tA <BEti ng base-d £gs poi ntfrs divn to de'ived-d £gs 
Efid'davn'' 3"er^a:lvetoatypi<3i dGGsdiG^^n, 
jEGS^thetap). CEaing[4r?hEppfnsajtomdc^ly, 
or\ bECGUselt's axnj^ady s^e C£fl:i ngcfim is 
Bthae'snocccnpiletimeinformdionEbcMitthe 
oycu must knew aiatlymhatypetheobielia If 
}thewrang1yp^ycu'H belntrtxjbia 



cbjectof adsTvedtypefwhichisuEUEily abtggErabi€d:)lstl 
sane EG pass ng the address of snot^el of the b£ffi type fwh 

uajdiy asmailffob^et). Aseiplanedb^ore tfiisisthegiEi 
U3 ng polymcfphisn - oidethk mampulaes a base type c£f 
trai^araTtly mail puldiedaived-typecbj els £GweJI. 

If y(Mji^}cadtoaiatfed:lnd££dcf apdnta'orr^a'SKe 
ssnd^ngwill happsithdm^sixpriseyoutheciijelis'i 
until dltfiaranansistfiesubotjertthSciiiTe^crds to tfie 
dESin^en type cf your CEdL lntfiefdlcwlnge<EmpleyGuc 
whd h^pais w fi9i ai otfat I s d I ced: 



Thefundjon dcsal he( t s 
thaicdlsthevirtu^ fund 

nalnl 1 you might eipea thefira ceI I to prcd 

usethebEB&d essvaB en of desotpttoit 1 



Two things a"eh£ppaiing in this prolan. FirS:, betajse 
deBtrlbeOetcfptEaPeta^arttraha-thaiapointa-crrrfa-fficeJ, 
aiy (E/lsto desert WKvilloJse 31 cbjetttheazecfPttto be 

an cbjett cfadEBsmhaited from PetispasEed to desert bfll)the 
compile" ac^jts It, but jt copies only tfie Pet poft on of the obiel. 
lti*ce;theda-|vedpciitioncffiiftheiih|ect.llkett»s 



Do^deBorlptlon()n^€EuseofpG(tionsofbothPd(vihichaill 
etiasl aid D og whidi no I cnger edsts because it was ^ iced off ! So 
wha happaiswhmthevirtud funcb en i s cai led? 

Yc*i'resa/edfromdisaete"becai5etheotjeli5bangpaBsedty 

cbjectbecaiBethedffived object has beai forced to t)ecomeabaffi 
cbject. Whaipaaangb/ value the copy-con5trud:or for aPfltob^Bl 
isuEed.whicJilnitiallzestheVPTRtothePetVTABLEardaiples 
crJytfiePalpaftsof thectied:.Tha"e'snoQ<pliat copy-conBtrud:or 
ha"e sotheainiplle"^ntheazesone tJndffall irte"prddicnstf*e 
ctject truly becc(nesaP4dunng ^lang 

Ob|ect dfang actual tyremotfes part of the allying object as It 



(Gcajseof Ifii^upcariingiTtoanct^elisnatdonecften; infal, 
fsuHjdIy sanahiiigtowSdi outfor and prs/at. Noteth* in 
hiEe!aiTiplelfdeBiTlptlijr()«9"emadelntoapiireuirtud 



doegit redly doaiyttiinginthebaBed^, thentheccmpiler 
woiidpreL'mtat^edidtangbecaisthdwouldntdlowyojt 
"crG^e'aicbfelcfthebEffilypefwhichiswhaih^pEnBwhE 
you i4>CEd: by v^ue). Thiscoid belhemost ImpcrtGnt vduec 
purevlituEJfixKiions topre/mtobjeddlangby gEna^nga 



Overloading & overriding 



aioffDmustkeqtthiS. 



Variant return type 

The D (flved3d£ES*(wegj^e6tBtha: you ia¥iot modifj 
rdum type cf avi rtud funcBcn dunng (veridlng. Thisis 
gaierailytrue buttha"eisa^ead CEEeinwhittiyou cai 
modify the raurn type lfyou'reraurningap(xnta"orar 
toab£ffidaBalh3Tthe(ve"nddmve"Hancfthefunction 






BirdFoodtoaPctFood 

But I n Ci the rSumtypeof es 
da-iued frcm PctFood Thefal 
f rem theraurn typeof the lase 



3uthinkpdymorpHcdly, thisdoegitseefn necsGsay. Why not 
upcast d I therSurn types to PstFood' |ust as Blrd^sMXlid? 
sistyp^cEJIy a^odsdution, but^the^dof mdnOycusee 
- ■ ■ " atypeofPdFood 



virtual functions & constructors 

Whai ai object ointaningvirtud fundi ons IS credied. Its VPTR 
mu5tbeiriitidizedtopcirt:totheprcpa"VTABLE. Thsmustbe 
dcnebd^orelhs'e'sa^posbilily cf cdllngavlrtu^funcdcrLAs 
you mi^ guess becajsetheconaructcr hasthejcb cf tringng ai 
cfajectlrtoad^Bice itlseisotheccnslnjdicr'sjobtDs^upthe 
VPTR. Thecofnpila"secr0ly Insats code Into thebegimng of the 
ccnstiuctcrthSiriitidizeEttieVPTR.AndasdefaibedmChepta- 
11 if you dent aplidtly creaeaccnSnKturforadass. ttie 
ccmpilawill ^rtftsizecneforyou. ftthedasshasvirtud 
fundianathe^rtheazedconarudorwlll indudetfie proper 
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isinsHtinghddai 

thi8(inc£Betheop(r*>niei»rdiimszao)aid[Ell bas&dEBs 

thou^wEeafin/ir^inefundiioncEtl. [npatojia".theHzeof the 
conanjdcrm^ otfawhdm the sari ngsyouga from reduced 

your code aze can tjo// without ay bandits in ^eed. 

Of course ycu probably wont m^kedltir^ ain*uctor5ncn- 



Order of constructor calls 

ccncanstheordaof conBtnjctcrcail&andthew^virtud ca 



iaedwa^s called in the cor 
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'haiaia- posable you diould 




ofcjelsplEcedmthedEBS 


uangconpcatonlinthecondructi 


iriratJEliza-lisLlfyoufdIwv 


tHspraaceyoutaiaajmethsa 




manba- cbjettscf theoirrat cbjeQ 


h*ebfminiHElized. 


aehawlor of virtual functions inside 


constructors 






ingsupEfiirta-esdng 


dilHnma WhahEppaisifyou'reir 


adea construdor atd you cd 




y mfinba- fundi on ycu (Efi 


imEgnewhSwillhEppai-thevirt 


jeI (dlisres:l«ed a runtime 




Iha- it bdongstnthedEssihE 



on cfthef unction 



Thisbdiaiiorm£kes5ai5eforlworea5iiKCcnc^u£lly.lhe 
ccfiBlructcr's job I s to bn ng the obj ect ( rtB ail dence (m hi ch I s 
ha"dly aicrdnayfed]. InadeEfiy ccfiBlnictcr.thectielm^ 
cfiJy be patidlyfcfmed- you caionly knew thd: the based £es 
objects ha.reb^ Initio ized but you cartA know which daBEes 
a"elrhaitedframyau. A virtual fixKtioncdl.hcwei/H", reahes 
"fcfwad~cr"(xiwad"lntotheiriha"itaHHhiaarfy. It cdlsa 
funiticnInadaJueddaEslfyouoDiJddolHsingdeaoaiaiuctcf 
you'd be (d ling afundnmlh* mi^ manputaemembersthS 



Ed, oneofthefira things It does I5initi£|jze Its VPTR.How&a", 
n only knew thd: It is of the" ojn"at" type - thetypethe 

jatofwhsha-crnottheotjedilsinthebaEeaf aiotha-dEss 
m1hecampila"genffd:eBcodeforlhd:a)nslrud:ar, It gaiaaes 



will produceonly ecdl 



End paform eerly tinding hecaiEeihef Irncwv tha 
III produceac^l onlytothelocd tundion. Inatha" 
nl: gatherESjItsyou mi^ iriti^ly o^pectfrom a 



rsE^ongthew^). Eimilafly, Iti 



moS-dETiveddES and works Its wa^dcwn to the baBed^s 
istEies^Enddesr^ethrngtodobecaise thecurraitded 
can £fw ^s knew thd the based ass manb?s a^ EJ Ive aid i 
If youn^toc^l ebase-dEGSPtianba'hxKbcnlnadeyajr 
deamctcf, It issrfetodo50.Thua thedeslrudicrcaipafan 

paform /£f own deaH^, dc Eadi deGlrudcr kntwswhd: It 

cfiJy jrfa[Eswha"ethishia"a"diy of cdlsmusth^^ai{aKit 

prcpa"hiaa"d^isaitofnaicdly gakffaad tythecompila" 
ctfiff fundjcns only i'EffurHlion will becdiedtandnotba 
va9ans).whaha"lt'svirtud ornot. ThecrJy w^forbsee-' 

[virtud orn(*)i5ifyouap'icrf/>'cdl thafundicn. 



itsbEffidassdhdIS maipul^etheobfelthi 
irtHfae)? This adjvlty is am^or cbjelive in 
proyEfnmlng. Theprodan cxnffswhaiycu 
parla" of thistypefor ai otfectthd h£G beai 

Sound faniii 



Evmthau^thed6arui±or.likethe(cnstnid:i!f isai 
"s<c^ion£|-fiiH±on, itisposableforUiedestnjacf I 
becaisetheciifEct^reEd/kncHswhdtypeitisfwha'* 



Pure virtual destructors 



jtifyouke^inmindthiajnslructarsEnddeslrjctarsEre 
jeaai opffdicnslt mdiesmareBaEeG^jGaEilvif yauremanba" 
iSaif dE&trudcrsinadaBBrDfra'dva'e^w^scdled Ifycxi 
u/rflea/ecfftheddmitiurforapurevprtud degjuctor wha 
incb en btx^ would be called during deslrucb en? Thus it s 
ffidutdy necessafythathe<EmpLlH"andllnka"Hfcrcethe 
[istHiceof afundicnbtx^forapurevlrtuei desOudiCf. 

'Thecniy differaKeyou'll see b^weaithepureend non-pure 

Bed£EEtobe£bBtral, Boyoucennotcredieenob^eloftheteee 



vlrtudfixid:i(xiyaua"efK^reqjiredto| 
purevlrtu^ deslnKtcr Inthedaivad d£ 
f d I oinr I ng compi l€s aid I Inks 1 5 the prGof 



chcnB)lsgvmaddin(1icffi. ButheraUuBBfansncttobethe 
E Htwa/H", rananbffth^ the compile" a/fiaTTiPj^/ytrGaes a 
tnictor ddiniticnfor aay dasBif ycu dont treaeane Tha's 
a's happen ng here -the based £esdeslrud:cf 1 5 be ng qui dJy 

rriddai a>d thus thedd^inilicn Is bang prtwidedty the 
iplle ^d D<rtv«disnot aludly ^strat. 



virtuEi deslrud:cr?Ur^lke£nordinay purevirtud fundK 
;TW/if^elt afunOianbot^. InadaiveddaBsyouEfait 
prch/ldeaddiniticn areethecomplte ^ntheazesthedes 



dfedofthepunty cflhedeslnjctaristoprs/aiEtheinstatiaion 
cftheba5edaBalflha"ewaB£ny a(hs"purevlrludfuKliona 
th^wouldprei/fntthein^adi^cnorthebaBedES tut if there 



ha/eavirtuS function mi 
rtuddeaructorlejaiifiti 



fundJonGndyoucEil avIrtudfuncBcftthifurKtion 
uang the I de-t^ ndi ng meiiGni 9n. Tti s I B net true w il 
vlrtuEJ ornctlnadeadediuctar. only the ''lacd"va 
maiiba'fuivlianl5c^led;ttevlrtu£i meii£(U9niBj( 



orc^l. Dalvfdd(isnot!^\Bl. s. 



cfiJy the ■ locd "vaacnofthefundian. 
for the ccnslrucicr (as descii bed sail et! 
casethety pe iiiarmdi en waait a/a [d 



Ireating an object-based hierarchy 

danonaraioncfthecontanH-daEsesStackaKlStastliEt 

re^crahlefarcEllmgiMeWorchiettsthaha/ebema-e 
dynanic£llylusngn8W).The[H-oblEinwhaiuangaiitar 

i!h|e(tsToilothistheH>ntanaBtia/ehdd¥olclponta^. 
th^ha/aiTknavRthetypeof objelth^Vehdd. Dd^ir 
pointa"doe3itc£il thedeslnKtcr, g)thea]rtana"cojldn 
re^cngyefordeaing up Its objects 



to iraepolvmcfphiHTi bj fcf 
to be nhentedt cm the Bar 
hd ds the ch| etts cf the basE 



3 sin^y-ratsitissdiy or 



baid^tstouangaan^y-rootedhiaa'diyiinfal.eL'efi 
ctject-onatedlangu^ebutC-H-ajforcestheusecf su 
hjH"a"<:hy whaiyau(red:ead£^yaua"eajEomdica 
nhent ng It d reedy arindlrejllyfromacofnmcxibaBe< 



n inedfurthffin' 



Toampllfy ttin^ b/ keying a/ayttiing in the hea 
(rajjiredjddiniticnfcf thepurevlrtud deslructcf i 
theheeda-file tkJ |Mp()(whidi might becansdcr 
inliningliB^soirdinect. 



adcwill crtyaaqitaid re 
50 deslrcv at/ objelstha: 
theproblan In Ch^te" 16 



InttiEcaEethenavdassrraMbebothasWngandaiObJo 
wMdimeaEitmuabeinhaitedfrombothdasEaThisisa 
flft//fipfe/jT/H7J^ff:E£nditistheHjbjed:af EnaitirediEpterm 
Volime2cfttiisbaok(dci*nload*lefrom»»w^™»f<«.o 
WhaiyoureadthdidiEptEr.ycxjII seethamiJlijdeinha"ita 
caibefrai^withaicnplaiity, Ttdisafeaureyou^touldL 
qjErngly. Inthisatudiart homae", s/aythng is ample aii 
thd: wedonttiip eocsb 3f) mulOpleinhaitaice pitfdis 
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e ra^jiranat tha a/ay d£ES 1 nhait from 


□ bj««.l 


thacaBae/aythingiBguarateedtobeaiOblBUend 








you (annct eipetthrsf 


om e,/ayd£BS soycu'rebcundtntrp 


n/a- mult 


pleirtH-itmc 


eifyoutEkethsEpproadi. You'll seem 



Operator overloading 

ImpJanaiPngvlrtualcpaaorscftaibecomesccfrfuang, h 
baajEeyoum^tieopaaiingontwoobfels bah with up 



implldty, c)nlytheoperdDr*haBbiE?ncvErlcadEd. If 

liletomulUplyEfiytwoMihcbieaBendprnilucel 
ed rfsjlt - md nrtetha multi plying a mSrix b; avi 



Theprcblan isth* mmelndtheaprsacnml'mJamtans 
twoificaEtMahrrfa-EncesaidthuBtwoobjeasofunVnoivn 
typB A vlrtviEJ function isonlyc^i^eofm^ngasn^ediEp^ii 
-thaisd^ermirBngthetyperf onesffikntwnafc^ecLTo 
daami ne bdh t^es atediniqjecdied mullipiedspalding I s use: 
intEuB sianpl^ wh?Eby wh^ Gppea^tobea an^evlrtud 
fundjoncdl resiJtsinasecondviitu^ c^l.^thetimettissEconi 
c^l Ismad^youVed^sminEdbdhtypEscf obiect. aid can 
perfarrntheprcpa"aclivily. IfsnottiEn^aaitdifirBt butlf you 
aEredthee<amplefcraMhileit^KXjldbegntDm^cesfn£This 
tapiclse<plaredinmCT"edq)thlnlheDea^Patansdi^a"ln 
Volumes which you cjidtwnJoad a: w^yif.^fi-ai^cfri^.coT^. 

Downcasting 

Asycumi^gjess sncethffe'sgjdiathingasupcEfiting- 
mwingupailnhaitaHEfHera"chy-thGre^auld£{5obe 
4±HTK3fC;7^to move dcwnahi?aitr/. But upcasting Is f£s^ 9nce 
EGyoumcvei4)ail nhmtaKE hi as'chy the d eses siw^s 
ccn/agetomoregsnad dasssThdi^ whmycu upcast you ?i 
dw^sdealy daived from at ancedordsmftypicdfy only cffie 
acEpt inthe case cfmiitipleinhH-itsncdbutmhai you doivncast 
isudlyss ' ■'■' 
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theatuETtype Ha"e thebaBed£esartan5avlrtu£i deslnjctcf 
aid tha aiffi CES InndnO aCiporta-isi^cEBttoaPal; aid 
thmadnAnca^isatani^edtobathaDagpcinta-mdaCat 

ni*esjrethatheraultofthecaaisnDnzaoAlsD.youEhould 

Hina:]mespcinta-ai]uSinHtst£ke[ria:eduringupcaamgaKl 
dcwncEflingdnpatiaJa, wJthmultiplelnhaitafice). 



to disawatypei nfcf mdionthd: hasbeai lost b/ uposting. TY 
il]franlc_castsa!tudlyonefcrmof RTTI. H ae thelyptid 
k^Tivcrdldadaedintheheeda-frle^typalnftKiisusdtod* 

thetypes of thepo ntas You cai seetha thetype of theupcES 
Shfliepointa is EtidEssvely ampaed to a Clrdepointa aid 

lyp<ldaidyDucaisiEoima^neth^itwouldbefarly sa^to 
implanentyourtwntypeirformdian^flanuangavirtusi 
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paf orm the doivncsBL But rati cethainthisdeagn the process IB 
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proyanma must do sometcaing to di suja the CEEt tha waB 

daamiriiaiclhai In the aanple aiicvebrfare ug ng gUtc.ust 
ratio- thai clynaiiccs*aid ^an, ycu wat to ca-rful ly 
e(anlneyourdcayilirforeuangdyiia»ic_csst 


deagilorlfyauha/ec(hairform*antha£llcwByouto5d'dy 
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Summary 

PoJymorphi an - implanated in C++ WFth virtual functions - 
meens " djfferait forms " In ob^et-ofiated programming ycu 
ha/ ethesanefaH {the common intafaiE in the basedaGs) and 
diffaatfamBuangthafaiHthediffa-Htvagcnsofthevlrtual 

abstraacnaKlinhHitancePolymctphiBmlsafeaurethacamot 
beuiavedlnjail*i!n(likecoil*oraBi»itdlstaa(iait.for 
aonple}.butlnae£dwcrkacrdy inoincat, aspact cf a'big 
pidura"(rf daffirdaiondiipaPeDpleareoftaKErfusedty oiha", 
non-ot^edi-onentedfediffesaf C++, likeo^aloadingandddajlt 
a'gixnaits wNdiTescmaimEsprasatedaBobjed-onaited. 
Dent befoded; if It laitldetindhn^lt laitpdymofphian. 

Touffipdymorpfiian- aid thus ot^et-ofiaitedtedinlques- 
dfedivdy Inyoffprog^nsyou must aipaid your view of 
proyafnmlngtolndudenotjuamant)a"sandmes5^eBof an 
indvidual daes but also tlieccmincn^ityamGngdaEaffi and thar 

rd as onshl pswItheahdha.Althcu^ this requireB 3^1 fj cant 
dfoFt it'sawctthy stru^ie be3JsetheregjltsaefaBte"pro7"am 
de/dcpmaiE, bdtacodecrgamzaLor^ Siitaisbjeprograns and 

Pdymorphi an com[da:es the object-on Htedfeaures of the 
laigjage but thaearetwo more ma|Cffca:uresjnC++tHnplacs 
(whfldia"elnlrodu<HdinCh^al6aidca/e"edinmuchmore 

Volimie2}.ThesefeaureBprwlcieycuasmudiinc"eeGein 
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The need for containers 






Otvioudy, aiintegcr 


aatkiffita 


cruaa 


tod. The red 



ccntanas cones when you aert mai ng oqels on theheep uang 
now avi deslrcvl ng than w ith ddflte I n the gmaei prGgrammi ni 
probl an, you dan 1: knew hchv meny objectsyou 're going to need 
whileyou 'rewriting the proyen. For eianpla In en ar-Ir^ic 
ccntrol ^dan you dontwertto limit thenumba erf plafcesycur 
^aancenhaideyaudanliwattheprog^mtodxirtjuet 
becajseyou exceed ecmenjmba. Inacomputa-adeddea^ 
^aan, youtededing with lets of ^epe^ but cnJy the UEa" 
daaminesfdirji^m^eeedJy hov mar/ ^lepesycu'regangto 

aiamjrfes inyCFUr (wn proganming atuai ens 



■rogranmffswhordy onvirtud manofy to handle thar 
anay rr\a\a^r\3t" oftsi find the idee of mw, ddflt^akd 
n:anfrdaBseBdi^i^n^ Appa'siUy. onepralKSInC iBto 
leahugegJob^ Err^.la'gEr thai aything the prog'EmwDul 
jeer to need. This m^ not reqjlre much ttwxj^ (or aw Eraies 
ndlod )aid freed, but it produces proyanBUia dent put 
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r^ of cb|ect5inC-i-+. the 
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Overview of templates 



alaigja^thatoi 



;hidi si^ifi cently Veiled C - 



TheC solutiooOf (curseycu'retr/ingto gS 3H3/ from theC 

inelegEft. Inthis^^roahyoucopythesourceixxieforaStack 

Endm^emotiflcaianstvhErd, intraduangn&v arorsinthe 
process Thisis CBtanJy not a v ay producbvetedini qua 

ThaSnollUlk 9iilud(K£mdltdk (aidj a/a fdlcwing its ssmp 
tookasimpleaidslra^ojwa-d^ptcahiVcuivMtorajEe 

hddsitansafthegaiaicbasedsGS Objotls mila-totheaiamp 
atheaidof Ch^aI5). Butbe:aj5ethelibray in^ndltsiklBC 
suchfixidEmatd impcrtsnc^ ycu dent a/a* trs^eadsEsfmrn 
so^ch. Indf£d. ycu must dwa^s inhEht itfrom ai eilSing dass 
ycuflnd adsEsaBdosaspcsaUetothecneyou want jnhmt 
fromlt avlmskeafeA chaigfs Otxlou^.thisisabaidit 
baajselt mlnimizesyardfort(aida<plansmhyy(Xj^}aidal 
cffmefeaningthedasslltray bd^orebeccmingaidfective 



caibehddine/ayccxtana-linduilngthaccrtana-itselfl.Tiiis 
typeof sn^e^TEehifra'drvbEKdcnafundsmait^ gaiaictype 
lcn:ainanedOb|edwNchis^sDthecaseinJa/a)isr^aredtoaB 
an"cfcied:-basedhiaaTtiy."Vcxjm^haL'ehea"dthislHmaid 



ra-diy with Ob|«t(of 



slihray hadamuchlonga"hiBt(/^ ar 



rqjrGSHitedaa^Tificaitbod/of code mar^ people begEn using it. 
Intheprocessof tryingtousethecontanerdEGSffi the^ disawffed 

The prcblan wasth^ in SnGfltaik (aid mod other OOP Jaigusges 

cfcj edi-based hi aarfy with Its amtanffdassea but then ytxj 
mightbuy asacf ^i^dsESGSoraro^daBsesfromaTOIha" 

varicf whodidnt usethahiffadiy. 0^or one thing ijanglhd: 
hierarchy Imposes (wahGEd.whidiC pragranmasesh&v.JHoiv 









,^S^ 
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isdso daivedfrcm Objectit lai beplEced mCofltdl 
inhaitaiceirtoOCIrdaOSquareaic isnecessay so 
daESESCEfibeupcaaintoOShapBaidthusrSanthe 

daEshi?adiE£ moaofwHdiha/esrcebeairepla 

■■ solving gaiad prcgrammingproOans but y cull a 
!2cf this bock tha Its tempi &lty isbest a/oidedacq 



The template solution 

Although aicbfsl-taEaJhifrErd^ with multiple inhg'itGrceiB 
ccnc^udlyara^nwEfd, itti»nsouttobepanfultouseln 
tlsorign^ txxic^Sb'ajdnjpdancnEtrdBdwhdheconsdTEda 
prd^asdeEJtan^vetathecbfel-tiaEed hisErdiy. Ccntana" 
daBseswaetrededaslageprqjrocascr marcs with aguments 
thi cc<id be ajbaituted withy cur deg red Type Whaiycu 



U nf oftuiSd y. thi 5 £ppr 

sniailtGik li taaure aid prolan ml ng< 

unwi^dy. BsacEily, nctoody got it. 
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Object bulinsteedlthddsaiixi^EaflEdpGrEmda. Whaiyou 
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doi ng w ith vettortlroughcut tN 



Template syntax 

The tonplatel'^ w crd td I s the compi la-thathedassdrfini 
tha:fdlav5will m aii pulaecne or more un^eaf led types 

timelheaduai d£Escodei5genera:edfrafnthetHnplae tht 



whidis^slh^TisthesiJ 



f uncbat the iwa-loaded opBTftor [ J It rSurns a rrfa-ence E 
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^}proa[titogu£raiteetha:no 
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I B- a<p£nds the A IT^tempI ai 
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nane r daitif i a" for earfi tanpl d:e rndanli ai on. 

Header files 



jnt putinGTYttiingthdidlocaffiacr^e" [which pre/ gt& 

a^ . A rr/thing presded b^ templates jnieaisthe coinp\ I ? 
nX ^locdedH^fcrit ^thdpoint. butwill insteedwat un 
tddtn%atanp!aeina£fit!*i!iil.aidthd:scxnavhaeinfr 
ipila" End II nka" there's s med*aii3n far rano/ing miitijrfe 
initicn&cf aildenticd tanpJae £0 you'll dmo^dw^sputt 
iretanplSededEtaionsirfdrfiriitionintiiehesdH-fHeforee 



d^intionsinas^aaeqipfitetosaidy ^€dEi needs (for 
aonple fcrdnglanptaeinBtantl Sects to aii3 m cnly aangle 
WlndtMsdllfll^. Mod compiles haLiesanemeihaism to eIIih 
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avwhowattoSe^r* 
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ipla StadiTBiipldsGsumf 



c£pd)leof hdding 

Anotha'w^tos^thislsth^tsnpl^EsproL'ideakindd^u'^ 
(}fl:»J^mectHiiHnfarC++, mhichisordlnaily adrcf^y4yped 
iGngua^lnsteeddf Ins sling thdaiotf€d: be of some e<£d: type ir 
orda" to be Eccqit^e week 1y pi ng reqjires anlylhathemEmbs" 
fundiansthdiitwulstocdl a'ea'a/aVefcrapatfojfarot^ed: 
Thus weekly-typed code cai be ^plied to ay objaJthacai 
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dicddhiild Einon a the 
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Constants In templates 

tanptaa Yaucaie/Hiusedd^ajltvduesfcrlheffiargjmailaThe 
fdlojvinge<Emple£t1cwByoutoEdthe3zeortheAn'^dEm 
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Stack and Stash 
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With templaeshoivejer.iveoiivriteoDdethadoegit knew ( 
typeoftheobjed:, arxieaafy Inaentiaeanavvffsoncrfthd: 
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instentpa:edcontanasrfjkna™ thetypeof cfcjectsth^hdd ant 
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■-""■°'°""- 






numbers eah 1 n^3ice tf A utoC ouirtffthi 
k^ in W aid thenumba- 1 B gaia^ai US 


ngth. 


ecfthisnumbais 
saMjcd^ 


abjaztstha 

bdwioris 
Libtay.wt 


dmcrecompla<,asWidnaaic 

arecreaal aid deSrcyed, aid 

leaiaicfthanupdaifthaei 

idiisawondafulaianplerfh 


e(c£llBd¥(rifWcfthe 
E/loftheAutoCounter 

r^crtsbatktoyniif 

iiw wdl-desi^al 





onthietvpethait 


holds ha-e It 


instatpial to hold AutoCountapcintas A 


seti~illdl»v 


one instance cf Eah di ai nc 


tobattobeadde 


imaddOyc 


5sthBt^epla:£<~iththes«;insvt( IFiiKti > 


oninsattla 




valueifyouTetrji 




ttiSs^readybeaiaddal 1 




ba ng added we cai rdycr 




ha ell cbiKtE 


uniqje addresses 






lnrancwfl()nlia-a»lls 


usedtoranweai 


lAutoCounti 




jhw/mar/i 


cfthedaiiatwe-eraiiiwi 




inlyeipeazf 






sctistwese 


ddaedfrcmtheMlaidyc 


lu 're trying to del a 


eitasexmdi 



:gzeofthes*isza-n-thBmffirsthaellnftheob(eas 
-opH-lydemedup. Ififsnutza-n.youhaieamanov 
sr^atedthrai^requlreO 

iQf aiddeanjctnrforftutoCiiunteregista-End 
iHnsdveBwitJithevBrillercfciEcl. Noticethathe 
mi^-conaructof. aid Eragmait opfracf Ereprtvata 
^ ^ f or you to ireSe 31 otject i s ™ If h the staH c <imW ) 
cBon-thisisaampleacmipleaf a^ftry, and it 
hadliib|ed:B£re(reaedon1heheEp.9>vcrlfivw||| 
jffd tjjs asi^mmtsabd ccpy-aifBlnjctiona 
ne manba" f uncb ans ha/e been inJined. theory 



5 daeds abiedslhd: 



thai detected tyAutoCountoaru 

AutoCountMtodisccAia-mEmoJvlealisinyairownsyBtan, yai 

about the cbjectBtha: ha/ait beai deened up. Volume 2 cf this 
book ^cw&morescphiaica:edw^sto do this 



Turning ownership on and off 



(which 


smcfecommcn 


mth C++ 


espeodlywith 


Nolymcfphism 




vaytikdy those 




n^Ssobeuse; 




dsein 


the prnyan. and 








chjat 




Jia-pdnt 


3Bintheprogr 




rrfa-m 


□ ngadeaio/ed 


UectTo 




happen nj 


youm 


acmad^^n^pwha 


desgiingsru 




Maiy 


rog-ams^emud 


gmpla- 


Ihm this aid d 


Jitaicounter 




ashp problan; 




na- holds point 






used only by thd 






araghtfctwEfd; The ami 


ana™ 


Kitsi±|a:ts 




The be 


it^iproaihtohai 


dNngttie 


iwna*ipprcfcl 


aniBtogivet 














drfajlt 


toindicaing™ 


nadip Ithe 












aid modlly the □ 




cfthecontanff 








iii*,et 


hecwna-^ipst 


deusudly 


rffectstharancwEl.sDV 


Dum^d 


5oflndc(«onB 












(av±lyald 


avnadii p daa f cr & eiy 






so eah post o 










Bisava-iatd 




cenuiUng eice) 






ctthectiazt 


knmis 


thenumbEruf rrf 


iHicesponhngtoaichtal. 



EfnbfrfiFidKxi 
3t Sesycxi 're 1 1 kdy to see Ihe tnti re 



Holding objects by valuo 

Actually creaing a copy of Iheot^elsmBdeat 



5tcf£ge of the cbjel crto 
TlSop«raor»T o guer ati 



EJIcwingtheszetog'Ojv dynEnlcdly, becaiseinthe 
implanmt^cn ^KMn £ba/elhisw(xjld \n/dve crE^ng a ne/j 
{\st^]ara/ ccpyingtheoldar^tothen&v, aiddeBlrcymgthe 

ddaTa,'{tfih5isinfa):, whd the aaidadC-H- Library vector 



Introducing iterators 

An/^-aa-isafiabiettthSmiweBthrcuc 



\nmaf/via/5, aiiteracf isa"HT5£rt ponter," Gndinfalyoi 
ncbcetha:ita"a:Qr5ugjdly mimic most pointa"apH"a:icxia L 
apoinEa". haw&a", theiteracf isdesgiedtobesrfe sjyou 
mudi leBS likdy to do the equivdat (^ walking off Ihe end o 
arr^ (or if yo(j do ycu find out abcut it mcf e eaalyl. 

Consda-thefiraeianplemttisdi^tef. Hereitiswithaar 



TheliriStadiltahES beat CTESEd towofk only with an InlStatk 
N Ob ci'tha InlStadillHisaf rlcndof InlStadi whidi gves it 

xcessto ^1 theprtuitedenmteof IntStMlc 

Likeapointe-, IntStadcltHsjobistomcHethrou^ailntStadt 
aidrdiia/euEluealnttiisampleacanplathelntStaAltaran 
motfeonlyfofwa"d(uHngbdh the pre- aid pcstflu forms of the 
flp«r*r-l-ll.Hm(B/a-.ttiEreisnnbcundaytotliema^ an teracf 
CGnbeddined, olha"th£nthoselmposedbvthecDn^ranlsofthe 
ccntan? It wcrkswith.lt Is pErfed3y£ccqk^e(w thinthei m t5 
afttKundalylng<Entana")foranitH"a:cf tom(wea"aind nay 
wa; wIthinltB ESSKiSed arta na- aid to cajseth" contained 
vduestobemocified. 



itisojao 


mavthaaiita* 


risaffl: 


dwitha(cnstrj(tofth 




atahffi 


toasn^econtan 


aobiea, 








nadiffaatccrta 


nadunn 




Visidlys- 






aly mal-eanotha- cne 




With the 


aacr.vcutaitra/asethe 


^anatsoftheSaiciv 


hnut 


pnppi ng than, ju* as a pa m 




uethrcu^ the d anat 


of 


anar^. 






heyndalying aructur 




thastak 






rti 5oe/ai though yo 




mail ng through than bf pr 








wIM's going on undaraSh 




olved ThS'stheka 


othe 




is±*atingthe 


omi^Fcaed process cf mo/ingfrr 










Dm dhingtha looks li 1- 




pdnia.T 


hegoallsfcraa-/ 


taSorin 


yourprograntnha/e 


he 



dethausestheitaacri 



L Inttiismaj' you caiwntemcregawic code All of 
Ts aid dgcnUims In the Standard C ++ LIbray are 



style of the Standard C-n- Library). Hai 



Whsim^nganGstedfiiaiildaB^youmuEt gothroj^the 
p ocssoft stdedarigthenamei^thedEes thendedaingit f 
friend thmdrfinngthe lass Otheiw je the cmpila-ivill get 



itGrdioriscurraiUy sdeding Vcucai (ump an itffacrfofwad 
ty ai atitray numba" of danents uang op 

IntStadcdteratv tutth^ ere pnmaily intern 
theltadnnsatheaidcf asecfjenceinthesEn 

iteracf s d^inearenge induding Ihe first d em' 



where rtJrt end end arethe two ita^oTBinthersr 
derd^ffaiced end Isthffeonly totdl youthiyou' 



inaccntana", sotheoitanffneelssomew^toproduothe 
itGraarsindicainglhe beg nni ng (f The sec^Ence aid the ani 
^rflineJ.Hffe asintheSlaTdatiC-i-i-Libray,theffiitera:cfsa"e 
produced by ttiecontana-manba-fundimBbBginOaiiltrdO 
bfi^nl )useE the f I r^ IteratsTconanjiliir tii^d^eiiltstopainting 
athebegnningcrfthecoilanfffthisisthefirsEdefTiaitpudiedo 



Ycuc£nffethd:thetrairfanndicnfr(xnarEgula"d£EstOi 
tonpl^B s rEBEcn^y trEn^armL This ^^roadi of f i rst a 

End ddjuggng an cfd nafydsffi thai mdiing it Into atani 
gaiadlvamadaed to be eaaa thai aeaing the tempi ae 



[in, theltodDftiaBai 



lEetfis on ept of avys^n 05t a/Hywhffe) The 
Bdoptr*or+^iicwesthestartaKl«nd taaorsto 

i nthen ddleof the aiqerfthedanats nis aidthse 
a-ep ntadout NcbcenthenutputthatheaidBaiBnd 
uded nthe angethuB t caibecnepsetthpendcfthe 

1 etheaidssTtnd crdseyoucaiaiduf dff^fraHnga 
(H- (IVeputgua-dng ntheStackTanplatadtvaMiut 



stack with Iterators 

WecEfi ^K^thep (Kessw edy am cd y 
thdhasbeEn SEd £e ai eiamp etEvou^nuE h< 
StackdasswthanEaEd aOa cjdecf the 



thebEseljipe wh 
isedl.Thedrfailti 


ass has b^ diEfiged to support ouvner^ip, 
usethiedEBskncwBtheeoatypelorS 

B for the contana- to destrif; its chietts but 
EfiypdntaBthSyoupopO 


itH-acfisgmplei 
epointa-. Whaiy 


jidplvacEllyvay snail -thegzerfa 
oucTEaeanitwioIit'sinitJElizedtothe 



n somite 



to airroiH jbecaise it 

diffa-at baajsethep 
ertrals/dscfda^rfae 



IstoproduotheBeitaacfs {Whai 
aaidadC-H-Librafvycullseetha 
id cndOtha a-eusai ha-ewae 



s n4£nlidedtDhdd«rlngob|e:t aid fillEd with lines 



PStash with Iterators 

a^ crdixEdded othePStadldES 



aufttiisfileisafaflyara^ojwa^dtfaidaioncfbahlhe 

!./icuBP5tadi£ndthenEEtedltB^dii(intoatanpldeTlistiiiie 



2 15 captured E^thetemplae prcpa"deBlruclio 
auiiouldbeava-ethaifthecontanH-hcldsi 
Estypg thatype^ould ha/eavlrtuddatruc 



aSwhiaiplaingthan i 


theconta 


ner. 


/e^a"r'^^°f™t 


im^T 


modd cf bondingt 
nadditJcn.thecDpy 



((iwator- 


unanba-f 


nctions^liwy 


lutomn/ea 




^ctswhi 


e reletting the 












ita-aa-by 


oneplas 








fta-dbythi 






t^^^^ 


epcinta- 


a-rferaiceopa- 


^d'^^ 


ajrratcbiettlvcEll 


gthecontana- 


ran«fl[) 


^^ 


^u^'?^ 


^^ngth";'^ 


"^/as 






n"a-smd[)™ 


bH-fundur 


oparahf^ 


-md opflratorl-f or compaf 


an 


Thefdioiv 


ngs,£n^ 


eaESEsandtES 


Btwodiffa- 


cmstiud^ 


mEfiddeslnjaonanilnne 


haholdsol 



■hefira block cfcodeininelnOisE 
hedeslnictioncfthePStastwJnbs 



uangthEfficcnslnjcts you 
d^alscf uangEnErr^.Vi 



Why Iterators? 

undffaaidi ng wly th^ a"< 



It's common to see polymorphism, dynanic object c"edicu aw 
contanH"5Uffdtoga:ha"lnatruecbjed:-cfi3Ttelpro^an. 
ContanersEfid (^Fianic ot^ectCTeai en solve the prcblen cf n< 
knowing hcMf ma^cr wha type of ot^elsycu'H need. And if 
ccntane'lsconrigijrEdtohaldpointsstot^Ee-daESGbjed:^ ar 
upcast occurs a/efytimeycu put adaived-dsespointe" into th 
ccntaner (with the assoa^Bd code crgsniz^ on aid e{tag bill 
bairfits).Aslhefin£loDdeinVolumelcfttiisbaok.ttiiseiaiiF 
mill s^50 pull to^Jia" various s^edscf&aythingycuVelea 
HDfa--ifyoucaifoll™ttiise(aiiple thai you're ready fof 



£*4^oseycua"ea"ea:irK|aproyanlhd:dlowEtheusertoedita 

protkicedrffaent kinds erf drawings Ea:hdra™irK|isaicb|ectlhj 
ccntansacollEdiionof Shapeobjecta 



EsHie d asac dructu-e cf vi rtiiElfuKti onB I r 
io/aiiddailnthederiueddEEsNoticetha 
sauirbutdE^mitcr. somdhingyou ^oul< 



\ diff era* type cf driving in thefdiowing e<amplemE 



Thediff?Entlypes(rfcDntan3'SEil hddpDinte'stoSh^eaid 
polntasto upcEfit cbj els cf dseseB dffived from Shape H ava/ff 

baajseof polymcrphisn, theprcpa"bdia/lcr3ill oaurEwhen 



Fundi 


Ion templates 




ln*BwAII()yajS6esomdhingnB~.Sofa-inthsdiapta-,w 




DEmusr^ctily tfesf^ijn'aHiwNitimaenaaei 






cnoneormoretypepEfanaa-B Hiwaier.you 






■.funcSm tgnfials. wh &\ a-fSe nav functions is 




f^ 


lyaiuEefor a da55tanptaay<xi ■retrying to o-i 
^d ycu do this b; AAa/\nq the^eaficaion cf < 


Si 


types 


nopa^cns not eiaflywhS types the; ae. 


ajpporl 


Thefi 


jncbontemplaectawAIIOcaibethiaj^ofas 


en ^(Jo- 


(andt 


his iswhd mo3 of thefundion tanpl aesin the 






ibray a-ecdied), Itjustsa/shom todosomahii 


ng gva 




ysdeGcribingarai^af danats aslongastha 





ai so - net ofnodaitdly -the kind of iteracfstha ere produce: 
thecorteinaBlntheStenderdC-i-i-Llbray, e/ldenced fcy theus 
VKtgrm iti s aempl e 

We'ddsDlikedrawAIHJtobeasffiff/fa'stnfito.sothaihe 
contanerscenbear/typeadl aidmedcntha/etowriteane 
va9anof thedgonthm for eadidifferat type cf carta na". Ha 



lmpcrtait;tt^dlcMyeutawnte^ia^-purpo5ecodi 
Irh/dves ecrt^ no's without knowing the undalying sir 
theccrtana". (Nolicett^lnC-i-h Iteraorsend^iaic 



EEetheprodfofthismnalnOancedrawAIIDworks 

igdraaAIIOelsowcikswithpantastothebegnninci 



ea^cf IheEtaidadC-i-i-Litrery, wl 
lUchlikedrawAIIC) 

dasstanplaesaerady aitgecttoth 



proyanming.Th^aeaiDtha^ 
dealscf aprog^nendto^Eed 

daa aructu-elethinqjes found 1 
Beceiisethe d lent prog-anmer n 


pat of cb)ett-on ated 
v^ to amplify aid hidethe 

ItheprocsEsof proyan 
o/idea^^d: ded of s^av ■ 
luear^said rd*vdy criK 

■edsccntanas it sessentiei 


tanptaesthe^nta. for sourcecoderaiffi las opposed to ob|( 
codereuseprftiidedly inho-itence end ccmpost on) become 
trlviel aKxighfortheniwiceuser Infaa: reus ng code with 
tanplaesis notdily eeaalhai inha-itaiceaid composOcn. 

A IthoughyouVe leaned *out ireaingcontanef aid itaao 
dasEes in this book, inpracbceit smudimoreaipediattole 

caieipcctthemtobaa/alAlewithe/ay mmpila Asyouv 

nwH-.fl/i/ttfdrf.nniLtlieccrtanersaiddgcnthmsintheaa 
C++ Libray will uirtudly elw^sfulfill your needs 50 ycu do 



M odify TPStashJisDthSthe II 
Inf Idd Ic^n bechangcd thrnui 



^wrtngwhEna/e' ^Infidel lis cdled, aid write tEst 
code nmrind 

Tfmpla etheflbonaoddfunctioncnthetypeiCuElue 
tha tp oduceGlso t can produce I ongfloal *c instead 
ofliMlnB 
UengtheStaidardC-i-i-Libray vector^sEfiundaiymg 

mplm mtaion EdeaSflttsnplaedaEsthaaix^its 
orJy cnecfeaditypeofab|ed:lhd:you put Into It. Make 
anEEt€dltcratiirdaBstha:supportsthe"fndsEntind' 
conc^tinttisdiEpta-.Wnte test (odefor your SBtIn 
naln{ 1 and thai subBdtute the Standsr d C ++ L ibray n 



leava-aon of OwnoStaAJtha uses a StaidEf d 
-LibravvBItorasitsundH-|yingimplanEita:ion. 
m^ needtoloQkupsomeofthememba"fuKtior 



M odify VslueStadcJEO tha it dynanicdly eipaidsas 

WalueStai*TBSttp[loteathenavfuncannelity 
Repea: ExeroseQ but usea Elaniard C ++ Li bray vfldor 
estheintandimplanHtaionii(theValu(StadlNoti(e 
hiwmudieega-thisis 

M odify VriucStadaotqifio tha It USEE a aaida-d 
C++ L i bray vadorinsteed cf a Stadcinmdnd Notice 
the rur+tj me bdia/i cr D oes thevedoraitnmai id ly 
creaeabundiof dd^ajlt cbject&whaiit iscreaed' 
Modify TStackZhso tha It U5esaaaidadc++Libr3y 
vedorEG itBundaiyingimplanaitaion Make Buretha 
you dent disngetheintef ace SDthaTStadi2red.q)p 

RepeaExerosel2usingaaaidadC++Librafy stock 
inSfed of a¥ectiir(ycu m^ need to look up i nfcf maicn 
sboutthastodc arh(xiI:tlvcu^the<4adl>heQda'file). 
M odify TPStathZhsD tha it uses a aaida^d C++ 
L I bray vflCtoreG its ixidalyl ngimp[anentaion.M^e 
BJjrethayou don't chai^thelntafas so tha 
TPStottlZTotqipv orits undiaiged. 
InltalntStadcqtpmodifylntStadcltatog 



s ngTStackZh TPSMhZh aid ShapcJh in' 



f cr ffidi obfel. 

Tanplaizethelrtc 

hddsaiytypeof objeKfedfreetodiangethenan 

Tanplaizethe InWrr^dEBs I n 
lastrean0perat(]r0veriaaillng^TitFDmCheptErl2 

tanpl aizi ng bdhthetype cf objel tha is ccrtaned ai 

TumOblCortalneiinNatedSmatPolnta'^^Dm 

Modify ClSlOStackJiErd C]5lOStadaestq>fb,' 

inha-itsfrcmthecnntaneddaEsaidfrnm Object The 

cftheconta red type 

REpea:B(Erase23u9ngv«lorinsteedof Stadc 
InhaitadaBsStringVeaorfromvottDTWold'smd 
reddi ne the pij^_badc( )md opwatiirflmanba- 



I n TPStaitiZJi add aid tea ai operator-to 
PSta*iltflratafcll<wingthel(igcof operator* 
InDrawlnj^waddaidtfaafunctJcntanplaetn 



(AduaKsdl Modify theSladidaBsinTStackihtn a 
full ganJaity cf owner^ipiAddafl^gtoeschlink 
indc^ngwhdhcrttMlirikciivnstheotiecl: it parts 
aid sif^cttthsiifctmaion inthepu#l(lfurKtgon 
dEfiructcr.Addmsnbs'fixidionstorEadaiddiaic 
the o« na^ p for earfi I Ink. 
(Advanced) ModifyMntoToMmbaOperator^ 
fromCh£pta-12HittiSttieFunctlonOh|Bitrd 
Dperdoro*a"etanplaized towofkwitfieny rdun 
(fof opBTftor^Tyou'll haieto usemgnta- Isnplats, 
deiiibedinVolumea.Addaidteagjppcitforza 
cneerd two er gumaits in Dog mtmba- fundii as. 



Ag Coding Style 



lEJIba^dy ccnsda'ed ai 



I useap£rtiajla"codlngslylefartheeianpleslnthisbock. Itm, 
d&dcped <jjs anumbfr of yE9^ aid was pEftiGfJy in^rEd bj 
BjEmeSb'oudnjp's&lyleinhisar^n^ TheCi-+Pr<:^atvT)ing 
Zfff^LT^ei The Sliced: cfforndting glylels ^sod for hcKxs cf ha 
d^id^sol'll just s^ I ^ net trying to dictdeoirrel^levlBiii 
BonplES I hs/emy cwnmctiv^cnfcrijangthe^lettidl dc 
BEcajseC-i-i-lsafreefcnnpro^aiimingl£ngu£gaycuc£n 
ccnSnuetouffiwhie/erBtyleyou'reoxTifofti^ewlth. 



tftath^mctkcojrecdy.Thualfieaxiefilespnraedmthebook 
dinJddlworkwithcutccmpile-timeaniBwhmcompilalwitli 
£nimplanaiMJcnthd:cirfomistoStaidaTiC++lncilethana:£l 
ccmpila5si4^crt^l \ai^jagife^\res).lhearcfsth^s^/i/ 
cajsecixnpiletimeGrrarmessagES£rea]mmaTteloutwiththe 
canmatlllsDlhe/ caibesBly lisatjasSatdt^siuanq 
ajtcmdicmeEnaErrcrsdisca/eredEndrgicftedtotheaithcf wil 
appeerflrdintheEJeclrcricvaHanrflhebookta: 



mthisbookisthdal prog^nsw 
aid link without arorslalihcu^the^iviHsomaimEst 
w£friing5j.To1hisHid, someofthepograns whidsdi 
ariJyaaxinge<£fnple aid dent represatstaid-^i one 
will Iweanpty main! )funcbonslikethis 



aaestfiSiftha-eLBno ratum aaan 
InoratumstasTimtmnglnClwill I 







sJlaid. 


C. This of 


idnt wok fcr optraing systs 




didntdiSingjisti 






vaidorsi 








implana- 


tiimfiles 


vdy,crhppa«iq)fiLaa-.a; 




flguralct 




son you needed a diffa-at e<t 






ssDthe 










itheccmpila-naia-conpiledl 




ilesditedly. only Hie 










■irtuelly dl ^sterns hasnav beccmet 


ousecpp 


fcr 


atSJcnfiles aid h fcr header 














ignofile 



Begin and end comment tags 

Auayimportatisaiewithttisbookislhaaicodethayousee 
intfiebackmuabevaifladtobeccrrectlwShaleaacne 
ccmplla*). TNsisaonnpli^ialtY^'^J'i^^^^'y ^'t^'^^^Qf^ 
fileBfromlheboDk,Tofa3litaettiis.dloDdelishngsthaaemffirt 
tobeccmpll9i{aBopposedlocodefra^aitsafwhidithaeae 
f ew)ha/e comment t^B a: the begnring and aid. TheBeteg&ae 
usedby thecade-e<tralicntod ExtraitCodftqipnVclumelDf 
thisbooklwhidiycucaifindcntheW^gteuB'w.flractfiifc^.Qnil 

The aid-liaing teg amply tellBExtractCi>de.q)|Iha: it's the aid of 
thelisling butthebegn-lL^ngt^isfollowed by infcrmaion 
about w ha siiMfiredioty thetHe bdcngs i n (gaiaaily orgenized iy 
(heptaa HiafilelfiabdcngBFnChepterGwould ha/eatagof 

Be:aiseE>IlTacKailtL<;i[Elsoa-eaesan^(fll^orea± 

BJjbdi rectory, infcrmaion about htwaprogran 15 madearf the 
command-l moused to tea it isasjincorpcraed into the liitinc^ If 



a protram Is ^aid-d coed t doe^it need to bel inked with 
Eryttiing dse) It h£E noa[tralrfarnaion. Thisis d Botruef 

tobellnkEdwithaim^hir^d^thsilt haBEn|;)}^erthE 
nanelfthisllslinglsmEattDbethemanprog^mbiAne 
be II nked w ith oth? annpcnsit^ tfiEre's a ^Er^e 1 1 nethc 
mitii;/|.}£rda!it[nuesmth£llthefilesthd:nEedtnbellnl 
(without ertaisonssncethose can vefy from plaf urn to 
pl^orm). 



Parentheses, braces, and Indentation 

Vcum^ncBcetheforrndtingBlylelnthisbockisdifferaitfrom 
mar/tralffiond C Etyles Of courffi ei/ayonethinksthar (wn 
ayleisthemoaraiond.Howae", the5)yleu5edha"eh£ea3mple 



ThefctmatingayleismcUuaed b/ onetting preseitaioi 

becajseyoudontm^eaiotof presataions-Howae", w 
codelsrEadmu(timcreth£nlt[5writtai, afxisolt dioild I 
fcrthereada"topa"caveMy1woniostlmpc*t£nt(iite"iai 
"sam^lity" (h(wea5/itlsfcrthereaJa"tog£^them( 
asn^elln^Endthenumba'cf linEsthacaifit cnapa^ 
IdtPTTn^ sound funfy, butmhaiyouEregvIng alive 
presatdicn, rt'svay diaraaingfortheajdienceif theprt 

caicajEeths 



idated.Whipeopledantayeean-EndtheplaEy 
le moGt I iKons stavy w itti n f crm^ ng Syl Es - 1 s ttv ^ 
oesthecfisiingtrae^Thisanec^E&dor^l l^nk, i 
uses sudi vai^ions Emong ccxJing ^lesfFcr a\ ehl 
xJingdyl^sGeC++ProgranmingGiadEjlnesb/TD 
aiS*sPlumH^1199L)Clltrytoccn/inceyauthS 
id^'5 coding ^leGCDmefrompre-£laida"dC cunar 
incbcn protGtypEs) End ecg thus in^qirapriSe now. 



rstmyi 


iiava-toth, 


a kg/ quesdon; the op 


aiingbrazE 


idle 


via/sgi 






-(b/whid- 




whiSa/ff thabody is 


dxubad^findia 






aantnt 


dc ) Ths 


sagndeccnsafntr 


del^ply 








impla. Itrr 




iain*i 


Ity saaer 


whaiyculookathis 


line 





aidfcraan^el nedrfnticnthaiBcftai used for inlinfe 



itsdf. dlowsycutofhtmorelinesonap^e 

nGticethSmoSpfcpJecTE^edGEseGfollchvingthe^leGbaL'e 
(ivhidiStroustn4>u5esin£ll editjcnsof hisbock Tfsd-t 
/Vi^jww/^Za'p^^efrcfnAddiBan-Wed^) tuttredefuTKtJon 
dd^irili ens b/ putting the cpsHng trace on a sn^elinet^ltEdf 
(whictidsisigmdErsmGi^dNfa'Entindmt^ an styles). 
Stroustrup doesthi s e<CGpt for ^Hxt Inline fundtonB. Wllti The 
Epproatil desTibeha"ea'efythingi5ccnaaafl:-ycxjn£fne 

yQuputtheopHiingbra:etoindica:eliidthebDdyfcrthi5ltBngis 

inhnes and ordi nay function ddiniti ana 

J £Esatthd:theayleaffuf*d]ondd^iriitioniisGdby mcryfalks 
axncsfrcm pr&funtlian-protctypfng C, in whidi ycu didnt 
delarethe£rgjncnt5inadetheparatheffia tutinaeadbdwecn 
IhedoH ngpcfatheas End the cpaingajriybraiH (this dicwsCs 
aE^mbly-Laigijage raotBh 



hele/dofthe 
KingaylES 



ere a"edha" arguments fcr pi aing the brae 

maliady fdl w/ingthe dedar* or (of a d a 



QThiBfeSure 


BOrandy usdul inna/igSinQiBde^umpin 




cnordasdrfinitimllMyainmaibwhai 


wsiriU^lyw 


tkingunda-UriK, GNU Bnacswasjust 


^peaingand 


became Enmedied in tha Asaresult Vi ' haE 








cns"H»vs/a-, tha-elsafarcontin^tcf V 


use-BoutthH-a 


aid th^ ace belted ti/thisistje} 


Pla3ngthe'{oi 


thenad: line eliminaeB5C(ne(crfusng cod 


incompleioDnc 


UtiDnalsadinginthescEnnadlity. Enample 



tTEEksuptheif fr 



Finally, it'smucheaaertovigjdiy dign brass when th^a"e 
all ^fced In the same column. Th^ vigjdiy "Btid: out" mudi 

The issue cf whereto put the cpaing ojriy brae Is probably the 
moadlHDTdant issuelVeleanedtoHaibdhformsanlinthe 

Hme/a-. I note thi the offldal J a/a aiding Sandad (found on 

- ancenicrefdk5a"ebegming to progan in both languages the 
ccnastenty bdwea* coding dylesm^ be hdpful. 

Theapproadil userano/esdl thee<ceptlansand^aod cases 
aid logc^ly prodiKesasingleSylecf Indent^ion aGwdl. &m 
wittiinafundianbocfy, the cons stentyhddsaBin; 



Theayleise^ totesti aid to ranember - you usee 3 n^e 
ccnadHTtrulefcrdlyourfomiating nctonefcf dassea twofor 
fundi ans{one^lne In! Inesvs. muHi-llne), aid posably others for 
forlocps If stdianatsdcTheamaaaic^^onelttiink, makasit 
wcfthy of ccngdaaicn. Abcwedl. C++lsan9dValanguagethai 

diculdnt tiecaryingtoo mar/ artifactswith ustha cajse 
prcblariBinthefuture Slndl prablansmiitiplfedlymai/ lines cf 
codebecomebigproblans.Forathorau^Q<afninaicnofthe 
Sliest dbatmC.seeCSfylerSti ' ' '" " 



hedha-conSrartl mustmctkuniJa-isthehnemidth. ancel 
Dckhaeallmit^iinofSOdiaalasWhSh^paiBivhai 
anflhingistoolongtofit ononelin^Well, agani 3nvetoh 
ccnastent pdlt^farthew^linesaebrol'ienup. soth^eai 



Identifier names 

thestaida-|IJ*a5tylefcr all idafflfia" nanea Houvs/ef, I 
becomplSdyconsstfitha-ebecajseidaiBfia-sintheSIa 
End C -H- librmes do net fdlim this Etyle 

Theayleisqjiteara^ojwardThefiralettH-a'Enidai 

uariEdathaithefrrstlata-islcwa^caseTherfftcftheidi 



ai dbjai I dstifl s" I ocks II I 



aid afixKli en looks III 



jnwhidiEll ofthelitETBintheidaiBfia- 

Effifromthefiralita-w 
objetOm 



Order of header Inclusion 

HeGdffsa"einduded in order from "themost ^>eafFC to the mo^ 
gawrd.'TtiilsaTj'heaJa'filesmlheltcd directcry jemduded 
firi thma^of my (wn"tcol" headera sjdiaBrequlrahthm 
any ttird-paty iAray headas then theStanderd C -h- Libray 
heada^ aid finely the C Hbray headas 

saftfje/?ej^ (A ddi son-Wed^, 1S9S); 

I atsttussgsarcrscs' tsa'ot^t^ aisunng ft)^ the .h Hied a 
ampcng]tp3C5slyils^- mltcut9flar'dly-p«j/if^(kds3icns 
a d^rtUcns... indudng ffo.h KleEE IheiayfrShnsdltis c Kle 
ffisurs Sstnoailii^pasdiriam^cn intrinac to Ifiephyscd 
intff^oefftfTeccmpcngitisniissngftanIfieJjti!efa;ifIfBsis, 
Hi^ycu tvll ^ndcut^xutitassar asycu by iDfxttipile ftis.cliM, 



an^e^pfileTheindude^ja'dsaeimplanentedusnga 

pr^roceBeor#ddlneenddiad<ingtoeeetha:anameh£ent 
already been dd^ined. The name used for the guad 1 5 based en t 
nameoftheheada-file with ell Idtascfthefilenaneuppa-caE 
andr^ladngthe'/wrthaiundersccreFcTB^eniple 



Iineisindudedfcrdarity. Although g> 
■y diaal9"s^a"ai#ificflf thaimt 



Use of namespaces 

In headffflle^a^ "pollution" rf thenane^aEir 
heada'IsindudedmuEtbesTEjpiioudy a'oded.l 
diaigethenane^aE outadeof a fundi on or d eh 

reGiitingindl kinds of prcblans NoudngdfdarE 



InqipfilES ar^ global udngdire±VESwlll cnly ^octthd:file 

andsointhiBbockthe^aregawaily utal to produce moreeealy- 
reedatleodae^eoaily ingnail protrama 

Use of requlre( ) and assure( ) 

The requlre( )and BtsureOfundions dd'ined in requlrahaf e used 
cona3entlythrcu^outmo3cf thebook, Bothithe^ m^ 
prcpaiy reportp"otdemalfyou£refanFlia"wlththea]nc^tsof 
prsiiidricnsatdpcslanittrcns{\itrotlucedbj Bstra¥ifAefs]yyj 
mill reaiyiizethStheuserfrBqulreOandaraureOmcrecrlesB 
proi/i de preoiKltiiins (usud ly} and postondti ons loo:as and ly). 
ThusdithebegnrHngof afixiclior\bdcreafvcfthe''CDre"afthe 
fundi en 1 5 e<eojEed. the premntltions are diad<ed to make siffe 
s/aythingiaprcps'aidthddlcifttenEcassary omcfitionsare 
ccn"actrThaiIhe"ccre"cfthefixidianiseiecuted and somaimas 
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mthawhileyoure 




mekingapieceof code degat you're 


not bang produdive 




Theproduttiuity comes wha 




seanlesdy intsg^ES 




1 ntoycur ^9aii. aid s/ai rr 


loresDwI- 


im the code cr^Etan 
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Rananba-tfie" divide aide 
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rinoplelfthe 




prod an ycu re locking a isl 
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n woul d be gvei the 




a.1 EtaKeof a mag c " pi ete" t 


hahaKll. 


EsthehadpataTha 




■pias isaioljHt-writeth 








tool- athenbieO: aid aic^H 













ja^frcaitly chai^ilsfundiondrty {tha 



Efycudoha/eala"gebDdy of C cndetha needs c 
first i sd *e the parts of the codettiS will nctbem 
possbly wrapping UxKefuncBcnslnEfi" API dee 

manbfffundiona Then focus on the codethawi 



le ya still work rcbusdy intht 



s fntafececcnc^jtuaify 3r 



Accefficontrd d[(wsyou(thedeeso"eaor)to(hEngea5 
lEiLJcti aB posa tJ e 1 n thef uEure without dema^ ng d i sit ode 
pnwfbththedemisu^. Inthisli^ ke^e/aythngas 
prtvdses poEsblecrdmckeonlyttKdaEsi rtefae piAl ic 
elw a/s uang fundi ens rdher thai d^^M eke d^B public 



theinte^ty cfChemhde^stan. 
Your an^yssaiddfs^FiLLiS produce a minimum, the 
d^GSGEinycxir^staittharpublrcintafara aidther 
rd^i cn^lpsto othET daBse^ e^edEJIy b£Ee daE&f£ If your 
de^^mahodoTog^praducEsrTKX'elhaith^adcyGursdf If 
all thepiEcesfffoducEd tythdm^hodolD^ha/evduecva' 
thellf^meoftheprogran. ffthe^ do not, mantaninglhan 
will coBtyou. Manbffsof dadcpmentteanstHidnotto 
mantanarvttiingthd: does not ccrtrbutetothar 
produdivity; this Is afal of lifethd: maiy dEsgn m^hods 



WntelhetestodeflrBt fliacreycuwritethedEss). awkE^ 
Itwjththedasa AutomdEthenxifiingcfyourteststtTou^ 
am^^iecramlla"toat.Thisw^. a^dEn^scEnbe 
ajtom^cdly v9iliedb^nxirii^thetEd:code End you'll 
lmmEdid:^(isGwa"arcraBecaiffiyou knew thd: you 
ha'ethesrfdy ndofyafftedfrEfneACfk.ycuwIH bebddEr 
^Kut m^ing SAE^ng d^n^swhsiyou dlEcc^a'the 
nEsJ. REfnaiiba"thathe^ed:estlmprotfanEnt5in 
laigu^es comefrcm the bui It-I n tESi ng tha type dieda ng, 
e^c^cn hading ^i:. provide but tho&efeduTEStEkeycx] 
only Hjfa". Voumud:gothersstofthew*ino"Ea:inga 
rtflxret^stEfn ty filling In the tests thavaifyfEdurestha 



Remanba" a fundaments ruleof scflwa'eGngnearngii'lj 
sdt^aeds^ peditsns cai tesnf^ifiaiby intnxitang si ea 
lad ffcaicg)lu^ indrstiai Thfs ere i deals the baa scf 
ebaralion thepnmayfeaureofotiel-onated 
proganming 



daES I B b ^ diances areit s doing too mudi akd ^cdd be 

wadiforlongmfinba-funaionddiritionsAfundiontha 
isJongaidccmplicdediscfifFicijLtaidaipmsveto 
maitairL aid isprot^y trying to do too much ail ty itsdf 
IfycusesudiafundicrLitindicdfsthS Sthelasat t 
^wuldbebrokmupintomultplefunttonB It m^ also 



16. wadiforlonga^mat lists FuncbuKallsthai 




diffiojlttownte read and naintain Instead try t 




manba-fund:iontoadasswhereit s(mcre)appi 




and/ or passobjedsin as arguments 
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e£s/ prcpagajoncf changes. You caiuseaiinlin 




forrffmenc/ Som*mesthed sta/aj oft!" s on 




willaddvduadefundienaltytoyeu interfae 





Jihty. 

Frcmadea^^aidpont, lock for akdE^arf 
chaigefromtHngsthaBt^thesEfne Thais 
eJanmtsina^Btanthayoumi^waTttoc 
fcro ng a redes ^ thm au:^>ajl dethoEe ^ a 
desES YcucEnleecns^iiflcaiby moreebou 
■■ - - 'aliime2ofthi 



rwossnaitic^ly dfT^at cbfejls 
HBcrre^ionHbiliHesmdlha^eisa 
y to m^e one a aibd ass of the dha- 



oducesanintafaEfcf I 
prcb^lymdceai 
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LeBslsmcfe SlEftwIthamlnimEi lnt9f3:stDadaE& eg 
3i]^\ End ample asyou need to silvelheprcbtan^haid. 
biitdontttytoEntiapdiedllhemajrsthiyourdaBsw;^ 
beuEsd. AsthedaEsisusedycxjII dscxvs'w^syoumuEt 
e<paid1helnt9faceHcwa/g-, ontsadaBslsinuEeyou 
canDt ^rink thelitsfacewlthcut disbxbing dimt code If 
ycu need to Eddmcrefixidi ens Ihd's fins it wont disturb 
axis dh? then fcrdngremmpilGS Bute/mif n&v manba" 
fixKlicnsr^Ecethefundian^lty cf oJdonEstea/ethe 
s<l&linglitefa:sdcne(youcaicxiiiibinethefund:lcxf^ity in 
theundeiylngimpJefnaTt^onifyouwEnt). If you need to 
oipaid thelntaf ace of En eosBngfixKti on b/ adding mere 

ord?. aidputd^Eultvdufson^l ofthen&f a"gjinmts 
thi&w^ ycu went disturb Ery ailing cd Is to th^ fundi en. 
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lyojputayirtudfunctioninadEEsmakeEllfuncan 
t d£Gsuirtuii| and put in auirtiuldEBtrudior.This 
edipr&aitsajrpriseBinthebdia/icf oflheintafaK 
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oneapuWicnestedfrtHiddEBSofthecthH-, asthieStanla-il 

ofthisEfeEhortninthelata-partof Ch^ta-iaiKsnct 

aiotha"d£ES.TheSlaid£rdC-i-i-Lltray doEstfisty 
ddin ng a nE&ted Itvdtord ass I ns de €Q[ti ontana' d £GS 
therdf^pro/i ding the ccrtanas with a common intafas 
The oth? rEascn y ou II w at to nest a d £ES t B as p£ft cf the 
prtwitnmplaiimt^cn. Has nesOng <s baidio ^ for 
rmplanataianhidngrahffthaithedEesaBscaaionaid 
pr&aibcnof riEfne^aEpdlutionnatedEbtve 



a/oiding)lnlln«TJndicnsm£king some fundi ens 
nodnirturt or tweeking cndeto lie df laeit whmyou an 
first onstruding the ^^an ^ our pnmay god dwul d I 
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s^dy do thislfycuddine one varlEbe peril na This slyle 
tends to beleGsa]ffuangfcf the reeda". 

GuaraitffithailnitiEilzaionocajrsinail a^elscfyour 

dfidEntwhmlnitiEilzing5iix±Tels cihgvjisetheddajll 
cxxidrjdior Is c^led, aid y au aid 1^ CGiling otha" mEfnba 
fiffKticnB^rab±Jy O|]vdor4cntopof th^inordatogc 

□ ontusethefnrmMyTjpea-hJoddineaiobiea.TNs 
onefeSureisamEiGrsourcecf ajfrfusonbeaiselt CEJIsa 
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cxxnpilEswIthfidl waning^ and lixycuroxletorancheGfl 
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avi wanings rdhET thai thd w hi ch cajEffi rurti me ETTOS 
(fcreianpl^dontusvaiaJicagumEntMEts which dis^e 
dl typed^ddng). UseaaertDfcrddu^ng but us 
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Q<i5tingfuRclicnga:&a/HTiddaiakdBtaftsthrQving 
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General C++ 

TheC-H- Proyanmlng Lanpiagi^'SulU on b/ Biarne 
9r(MiBtn4> (A ddi son-Wed^ 1&©7). ToBcmede^ffilhegcd of Ihe 
bookthaycu'reojrrQTtly hQldingisto£il(wycxjtou5eB|afne'5 
bock EBarrfa^Hice Sncehisbook cmtansthedEsoiptico of the 
laiguGQet^theailharcrflhdlEnguEg^lt'slypicdlytheplEce 
mhffeyau'll goloresolveEny ixicErtailiesd]ajtwhd:C++ls(X" 
131^ Euppo^ to do. Whaiycu gdtheknadc of thelanguEgeaid 
are reedy to ga Eaicu^ youll need It. 

C-H- Primer, 9 Eddoiby Staile,' Lippmai aidJoseeLeiae 

reedif or eiong with Eboustrup'swhai trying to resdveailsaje 
7'^/j^j^/f?f++^HXjld provide a baasf or underBtanding the i7++ 
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autonC-f+.TMsiscut of print aid 
therEnamedC-i-MnddeCi Out 



(< Ou«0±cm9McGrav-Hill 19S3). As noted. 
?"i edition d Using C+tTheC-n-in thislxxik is 



Thinking In C-h>1 a«an(PrmUc& 



Thinking In Jar*?'' Edi 

cfthiB bock won the sa? 



EffaetivoC-HWddison-Wede^lS 

thesebooksin F/tnijf^inCn-, tut 

RumlndoisonC+itby Andreiv I 



authcrib/.IVedsD found the 

frfreshing, aidha/eleernedi 


™°""S 


Binsghtstobe 
icthinprintai. 









LergeScelE 

Wesle/.ioa 


iC+4 Software 1 


D«l9*!/J< 


sqjesbc 


Snellen of E 


iai Lippmai, a 
itjdesfrom Ttei 


litorlSGSi 


,ubiKa„ 


ThaDesIgn 


fcEvDiuUoiiofC+tf.'Bja 

>.lnaghtsfranthei™ator 


afC++i 



Analysis & design 
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TheUnKlfldScftwareDevdopniait Prorata lua-J ambsai. 
Grady BoocttaidJaiiGsRiflnbai^(AddlHsi-We^^ 1999). I went 
infiJIy pr^aaj to ddikethis boi^ It s^naj to ha/e ^1 the 
m^lngsoTabonngcDllEgetedL I WEspleasaidy surprised -only 
pod<dsoriheboakcontane<plEn^on5th^Ef9nsiftht>s 
ccnc^sEfait dea-totheaihors Thebulk cf thebook isnot cnly 
dea". butsiiir^^B Andbfstcif ^l.theprotsGsmskEsalotof 
pra:lic£i ssise It 'snot Extreme Proganming (aid does net haje 
thar daily ^Mut tesBng) but It'seJEO pat of theUM L jug^naut 
- a/en if you cait gS XP alopted. most peop[eha/e d imbed 
abD£rdthe"UMHsgDod"benc^ag[xi&"egerdlessofthara*^ 
l&d cf aipaiaice with It) aid soyoucenprcAi^y gS It adopted. 
I tfinkthisboak^ciidbethefle^upof LTML, eridtheoneyou 
cen read ^aFcwler'sy//;/7j5ir//a/whaiyouwat more dial. 

Brfcreyoudiooffia^mdhod It'shdpfulloganpa^ejlivefrom 
thosewluaenottrylngtosd! one It'see^toadoptam^hod 
withoutredly ixidastendngwh^youwertoutcif Itcrwh^it 
will dofcryou. Otfiersaeuangitwhidiseensacompdllng 
reason. Hcwe/er. humatsha/eaSrengellttJeps/diala^c^ qjlrk: 
If th^werttobelle/escxndliingwlll sdvethar problems th^ 11 






Siift»™BCreadvi^RitoErtGl£Bs(Prati(eHdl.l9E6).ThisiB 
thebEabaoklVeseHithMdisojEEffi/H-yHSi-eanthewhcle 
m^hoddo^ isaiB It's a collelion cf ^KHt Es^said pEpfTBltiS 
GlasshaBwnttai aid am^mesaiqijred IPJ. Plaj^ is cne 
contritutcr), r^3l\ngtisniaT/yesscftiiridn^Erd^iidf an the 
Hjbjed:.Th^Yeeitatariing£ndonly longaHXjghtos^wha's 
neces5ay;hedoe3it rambleaidbcreyai He's net |ust blowing 

audlea All prog"£fnmH"5 and mGnGga"& should reed th 5 book 
bdorew all ng into the mahoddagy mire 

SoHwvflRunawqfsMonuiraitd Saftwsre D Isasliet? Rcbat 

GlaBs(Prailice-H£il 1S07). Thegrea thing £b(XJtthi&txx)ki&tha it 
bringstothefardrontmhawedcnttdkEbDutrhav may 
prqEds not only fal. but fal ^)ectai]laLyrlflndthamo^orus 
Btiil ttiink'Thd: cant h£ppm to metier "Thacaith^jpai^Qfj") 
End fthrnkthiBputs us d:adisad/aita^ By keeping In mind tha 

m*ethangor^ 

Ob|ed LeBSontvTom Liwe 1st GS Books 19931. Anotha-gaod 



laj^ th^ ha/e bad<g"ounds i n sJtvjse 
s^eatd tha r needs raher than theteJwKjl ogy 
and producBve raher thai deeding m ha 
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ThrBchrcrtctasthea 

prow are thStheindividuddiEaplinffi ecu! edit H:l«e(thegotk 
makdlneccnomicsthelrittdfcrindianrf ilfelntido^, why 
pGopledDwhdth^doinsodalo^, Sc),Qy crosangphyscs 
Gccnomlc^ (hanisliy, mah compute" HiaKa soado^ and 
divTS, amiitidisdplinay EpproaditotheGeprcbtansis 
d&dcpin^ But mere ImpoftaiHy. ati'ifsst'//3f d fftn^ngAioA 
lheseiitra-ccmpl9<prcblansisai>a"gngAw*frcm 

Equ^ en thd predicts dl b^ia/lcr and tow a'd first ols?!^;^ and 
locking for ap^sn and trying to anul^eth^p^enb/ar/ 

meersposaWa (The bock (tronidea fcf ecanple the anergaice 



Public 

C++ Seminars 



Hands-On C++ Seminar 

• lndudeBin-daBsprag^nniinge<a"aE 

• Pfficnd ^mli en during eo'ases 

Intermediate C++ Seminar 



• Sbinga cantanffa fl:a"dors dgcfithms 

• I n-dg)tfi tanpldffi S. Q<c^cn hatdli ng 
Advanced C++ Topics 



• Creaingteting&ddxj^ngframOdVOft 

Subscribe to the free newsletti 
to be automatically Inrormed 
of upcoming seminars 



Also visit www.BrucEckel.com for: 

■ Consulting Services 

■ Exercise solutions for tfils book 
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Semlnars-on-CD-ROM 

I f you like Xh^hlnktng In C 
Seminar- on -CO packaged with 
this book, then you'll also llkei 

Bruce Ickel's 
Hands-On C-l-l- Seminar 
Multimedia CD ROM 

/t's like coming to ttie seminar! 

Available at www.BruceEckel.com 



See www.BrucelckeLcom 

for other Semgnars°on=CD ROM 

• The I ntermediate C + + Seminar 



Thinking In C; Foundations for J a' 
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with NdBCGpeNa^igaor. The Internet Exploro'softwere for 
both theM adntosti aid Windows <WHT Islnduded on the 
CD, 

Z InBtdl Microsoft'stfjj^iwj/^ais/'/o^. Urrfortunadythisls 
crJy diowed to be distributed direclJy from MiaoBoft's Web 

httpj'/wwwjnlcrosoR.ainfwIndowsfnadlvlqivd fol loiv 
thelnarucliansor!tr^tha"etodo«nlo£daid n^eiltheMeda 
Pl^erfaryaurpat[Ojta"jriafcnn(ycum^needtof ndend 
fdlw/enenralirikfcrtheMajntodivaacn) Pleeeenutetha 
Mlo"osoftHin0imesdcngesthelo[:dionof W^Fagaonthar 
HteendlnlhaceffiyoullTseedtoueethar^eer hngcepdnlty 
toflndthemeciBpl^a'. 



